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T. J. Craddock. 

E. Grey. 



7 


Laboratory Assistants ... A. H. Bowden. 

G. Lawrence. 

F. Seabrook. 

Laboratory Attendants ... Gladvs Tebb. 

Maud Bracey. 

Laboratory for Fermentation Work— 

Head of Department ... E. H. Richards, B.Sc., F, I.C. 

(Elveden Research Chemist). 

Laboratory for Insecticides and Fu?igicides-- 

Head of Department ... F. Tattersfield, D.Sc., F.I.C. 

.Assistant Chemists ... W. A. Roach, B.Sc., A.R.C.S., 

A.I.C. 

C. T. Gimingham, B.Sc., F.I.C. 
Laboratory Attendant ... Irene Randall, 


General Microbiology Laboratory— 


Head of Department 
Assistant Microbiologists 

Laboratory Assistant 

Physical Laboratory— 
Head of Department 
Assistant Physical Chemist 

.Assistant Physicists 

Post Graduate Research 
W orkers — 

(Empire Cotton Grow- 
i n g Corporation 
Student] 

.Assistant 

Laboratory Assistant 
Laboratory Attendant ... 


D. \V. Cutler, M.A., F.L.S. 

Lettice M. Cru.mp, M.Sc., 
F.Z.S. 

H.Sandon, M.A„ Ph.D. 

.Annie Dixon, M.Sc., F.R.M.S. 

Mabel Dunkley. 


B. .A. Keen, D.Sc., F.Inst.P. 

E. M. Crowther, D.Sc., F.I.C. 
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TEMPORARY WORKERS, 1925 and 1926 

In iiddition to those temporary workers recorded in the List 
of Staff, the following' have worked at the Station for various 
periods during the two years 1926 and 1926 : — 

Sent Officially by Governments and Corporations : 

(1) From Great Britain and the Empire — 

Ministry of Agriculture Scholars : Dr, R. C. Fisher, 

R. P, Hobson, A. W. Greenhill, W. Williams. 
Colonial Ojjice Agricultural Officers and Scholars : R. 

Coull (Gold Coast), J. E, James (Nigeria), R. T. 
Wickham (Ugmnda) ; K. T. Hartley, A. D, Ingrams, 
B. G. Owen (Scholars). 

Foreign Ojjice : R. E. Massey (Sudan). 

Canadian Government : F. H. Edmunds 
Indian Government : D. V. Bal (Central Provinces), Dr. 
A, N. Puri (Punjab Drainage Board Scholar), H. S. 
Rau (Madras), Dr. R. D. Rege (Cairo Sarswat- 
Brahmin Scholar), Prof. N. Gangulee (Calcutta 
University). 

Australian Government : Dr. Ktliel Mcl.ennan. 

Rhodesian Government ; R. McChlery. 

British Cotton Industry Research Association : L. H. C. 
Tippett. 

Empire Cotton Gro7ving Corporation Oflicers and 
Scholars : Dr. A\ G. Mason; D. W. H. Baker, A. R. 
Kcast (Scholars). 

Messrs. Xitram, Ltd. : G. E. Blackman, H. C. Givan, 
H. H. Wiles. 

(2) From Foreign Countries — 

International Education Board Fellows (New Yprk) : 
Dr. F. Clioclat (Switzerland); Prof. U. Pratolongo 
(Italy); Dr. C. E. Skinner (America). 

Guggenheim Fellowship: Prof. R. N. Chapman 
(America). 

Denmark : Dr. A, J. Pederson. 

Egypt ; M, A. Sabet. 

France : B. Trouvelot. 

Japan : Prof. I. Oliga. 

Russia : Prof. W. Elpatiewski, Dr. A. Richter. 

Siam : W. R. Ladell. 

Sweden : A. Aslander. 

Voluntary Workers : — 

R. L. Amoorc, P. R. Ansell, Dr. C, W. B. Arnold, Miss 

L. Bcanland, S. F. Benton, P. Cardoso (Nigeria), 
A. Cat lev (Australia), C. E. Elms, J. G. H. Frew, 

S. H. Giidgin, Dr. E. H. Hazelhoff (Holland), 
O. V. S. Heath, H. G, H. Kearns, C. S. Morris, 

M. T. Pagden, B. S. Sawhney (India), H. Thread' 
gold. 
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Publications of the 
pothamsted Experimental Station 


For Farmers 

“The Book of the Rothamsted Expekimekts/’ by Sir A. D. 
Hall, M.A. (Oxon.), F.R.S., Third Edition revised by Sir E. 
J. Russell, D.Sc., F.R.S. John Murray, 50 Albemarle Street, 
London, W.l (in preparation). 

” Manuring for Higher Crop Produxtion," by E. J. Russell. 
1917. The University Press, Cambridge. 5/b. 

“ Weeds of Farmland," by Winifred E. Brcnchley, D.Sc., 
F.L.S. 1920, Longmans, Green k Co., 39 Paternoster 
Row, London, E.C.4. 12/6. 

" Farm Soil and its Improvement," by E. J. Russell, 1923. 
Ernest Benn, Ltd., 8 Bouverie Street, London, E.C.4. 7/6. 

Rothamsted Conference Reports ; being papers by practical 
farmers and scientific experts (1/6 each) : 

"The Manuring of Potatoes." 

“ The Growing of Lucerne." 

‘‘The Culture and Manuring of Fodder Crops." 

" Green Manuring ; its possibilities and limit.^tions in 
practice.'’ 2/-. 

“The Culture .\.\d M.anuring of Sugar Beet." 2/6. 
Ernest Benn, Ltd., 8 Bouverie Street, London, E.C.4. ; 
or from the Secretary, Rothamsted Experimental 
Station, Harpenden, Herts. 


For Students and Agricultia^al Experts 

"The Rothamsted Memoirs on Agricultur.al Science," 
Quarto Series, vols. 1-3 (1859-1883), 20/- each. Octavo, 
vols. 1-7 (1847-1898), 30/- each. Royal octavo, vol. 8 (1900- 
1912), vol. 9 (1909-1916), vol. 10 (1916-1920). vol. 11 (1920- 
1922), 32/6 each, vol. 1 2 (1922-1025), 33/6, Postage extra. 
Obtainable from the Secretary, Rothamsted Experimental 
Station, Harpenden, Herts. 

"The Rothamsted Monographs on Agricultural Science," 
edited by Sir E. J. Russell, D.Sc., F.R.S. 

" Soil Conditions and Plant Growth," by E. J. Russell. 
Fifth Edition, 1926. Longmans, Green d: Co., 39 Pater- 
noster Row, London, E.C.4. 18/-. 
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“ The Micro-Organisms of the Soil/' by E. J. Russell and 
Staff of the Rothamsted Experimental Station, 1923. 
Longmans, Green & Co., 39 Paternoster Row, Ix)ndon, 
E.C.4. 7/6. 

" Manuring of Grassland for Hay,” by Winifred E. 
Brenchley, D.Sc. 1924. Longmans, Green & Co., 39 
Paternoster Row, London, E.C.4. 12/6. 

” A List of British Aphides ” (including notes on their 
recorded distribution and food-plants in Britain, and a 
food-plant index), by J. Davidson, D.Sc., F.L.S. 1925. 
Longmans, Green & Co., 39 Paternoster Row, London, 
E.C.4. 12/C. 

” Plant Nutrition and Crop Production ” (being the Hitchcock 
Lectures, 1924, University of California), by Sir E. J. Russell, 
D.Sc., F.R.S. The University of California Press and the 
University Press, Cambridge. 12/6. 

" Inorganic Plant Poisons and Sti.mulants,” by Winifred E. 
Brenchley, Second Edition, revised and enlarged, 1927. The 
University Press, Cambridge. 10/6. 

" A General Textbook of Entomology,” by A. D. Imms, M.A., 
D.Sc. 1925. Methuen & Co., Essex Street, Stnuid, London, 
W.C.2. 36/-. 

“ Statistical Methods for Research Workers,” by R. A, 
Fisher, M.A., Sc.l). 1925, Oliver & Boyd, Edinburgh. 15/-. 

" The Composition and Distribution of the Protozoan Fauna 
OF THE Soil,” By H. Sandon, B.A. 1927. Oliver & Boyd, 
Edinburgh. 15/'. 

The following are obtainable from the Secretary, Rothamsted 
Experimental Station, Harpenden, Herts : — 

” Agricultural Investigations at Rothamsted, England, 
during a Period of Years,” by Sir Joseph Henry 
Gilbert, M.A., LL.D., F.R.S., etc. 1895. 3/6. 

” Guide to the Experimental Plots, Rothamsted Experi- 
mental Station, Harpenden.” 1913. John Murray, 
50 Albemarle Street, W. 1/-. 

” Plans and Data of the Experimental Plots.” 1925. 6d. 

” Catalogue of Journals and Periodicals in the Rotham- 
STFD Library.” 1921. 2/6. 

"A Descriptive Catalogue of Printed Books on Agri- 
culture from 1471 to 1840, contained in the 
Rothamsted Library,” (including biographical notice 
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of the authors and short descriptions of the impor- 
tant books). 1925. 331 pp. 22 illustrations. Cloth 
cover, 12/- ; paper cover, 10/-. Packing and postage 
extra : — British Isles, 9d. ; Overseas Dominions and other 
countries, 1/3. 


For use in Farm Institutes 

A Student's Book on Soils and Manures," by E. J. Russell. 
1919. The University Press, Cambridge, 8/-. 


For use in Schools 

" Lessons on Soil," by E. J. Russell. 1912. The University 
Press, Cambridge. 3/-. 

For General Readers 

'The Fertility of the Soil," by E. J. Russell. 1913. The 
University Press, Cambridge. 4/-. 

"The Possibilities of British Agriculture," by Sir Henry 
Rew, K.C.B., and Sir E, J. Russell, D.Sc,, F.R.S. 1923 
John Murray, 50 Albemarle Street, London, W.L 8d. 

" Personal Reminiscences of Rothamsted Experimental 
Station," 1872-1922, by E. Grey, formerly Superintendent 
of the Experimental Fields. 5/-. Obtainable from the 
Secretary, Rothamsted Experimental Station, Harpenden, 
Herts, 


Other Books by Members of the Staff 

"Evolution, Heredity and Variation," by D. W. Cutler, 
M.A., F.L.S. 1925. Christophers, 22 Berners Street, London, 

W.l. 4/6. 


Mezzotint E7igravin^s 

Mezzotint Engravings of Portraits of the Fovmders of the Station, 
Sir J. B. Lawes (H. Herkomer) and Sir J. H. Gilbert (F, 0. 
Salisbury), by Julia Clutterbuck, A.R.E. 

Signed Engraver's Proofs on India paper, £4 4s. each. 
Ordinary Lettered Proofs on hand-made paper, £2 2s. each. 
To be obtained from the Secretary, Rothamsted Experimental 
Station, Harpenden, Herts. 
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INTRODUCTION 


The Rothamsted Experimental Station was founded in 1843 
by the late Sir J. B. Lawes, with whom was associated Sir J. B. 

♦ Gilbert for a period of nearly tiO years. Law'es died in 1900 and 
Gilbert in 1901 ; they were succeeded by Sir A. D. Hall from 1902 
to 1912, when the present Director, Sir E. J. Russell, was 
appointed. 

For many years the work was maintained entirely at 'the 
expense of Sir J. B. Lawes, at first by direct payment, and from 
1899 onwards out of an income of X2,400 arising from the endow- 
ment fund of XI 00,000 given by him to the Lawes Agricultural 
Trust. In 1904 the Society fur extending the Rothamsted 
Experiments was instituted for tlic purpose of providing funds for 
expansion. In 1900 .Mr. J. F. Mason built the Bacteriological 
Laboratory; in 1907 the Goldsmiths’ Company generously pro- 
vided a further endowment of £10,000, the income of which is 
to be devoted to tlie investigation of the soil, thus raising the 
total income of the Station to £2,800. In 1911 the Development 
Commissioners made their first grant to the Station. Since then 
Government grants have been made annually, and for the year 
102.j-2n the Ministry of Agriculture has made a grant of £27,ir)G 
for the work of the Station. Viscount Flveden, M.P., has gene- 
rously borne the cost of a chemist for studying farmyard manure 
since 1913 and has recently provided funds for ihc fitting up of a 
laboratory uxjrkshop, while Lady Ludlow, .Sir Otto Beit, Mr. 
Robert Mond, .Mr. T. H. Riches, Mr. and Mrs, D. MacAIistcr 
and other donors have from time to time generously provided 
funds for special apparatus and equipment. Nitram, Ltd., 
and the Fertiliser Manufacturers’ Association jointly defray 
the cost of a Guide Demonstrator for tlic field plots, and in 
addition provide considerable funds for the extension of 
the work; the Chilean Nitrate Committee, the Potash Syndi- 
cate, Messrs. Brunner Mond Co., Fertilizer Sales, and other 
firms, also give substantial assistance. The result is that the 
Station is al)le to deal with problems affecting modern farming in 
a far more complete manner than would otherwise be possible. 

The laboratories have been entirely rebuilt in recent years. The 
main block was opened in 1919, and is devoted to the study of soil 
and plant nutrition problems ; a new block has been erected for 
plant pathology at a cost of £21,135 provided by the Ministry of 
Agriculture out of the Development Fund, 

Perhaps even more important has been the reorganisation 
of the work of the Station so as to keep it in touch 
with modern conditions of agriculture on the one side and 



15 


of science on the other, "hhis was completed in the labora- 
tories in 1922, on the Farm in 1924, and on the field plots in 1926, 
when the field laboratory was erected and the new methods of field 
experiment were adopted. Finally, in 1926 the International Edu- 
cation Board, Rockefeller Foundation, generously gave a grant of 
£2,000 for the completion of the glass-houses provided the remain- 
ing £J,000 needed should be obtained; this was done with the 
help of the Ministry of Agriculture and of the Society for Extend- 
ing the Rothamsted Experiments. The equipment of the Station 
is now exceptionally good. 

The Library is steadily growing and now contains some 20,000 
volumes dealing with agriculture and cognate subjects. The 
Catalogue of the old printed books on agriculture has been pub- 
lished, and' every effort is made to obtain any that we do not 
possess, A collection is also being made of prints of farm animals, 
of old letters on agriculture, and farm account books. Many of 
these lie in farmhouses, unused and inaccessible, not in themselves 
valuable, but often of great help to students of agricultural history 
and economics when brought together as we are doing. Gifts 
of books and documents to the Library will be greatly appre- 
ciated. 

The extension of the experiments to various outside centres 
in Great Britain, begun in 1921, has proved so advantageous that 
it has been developed, thanks to the grants of the Royal Agri- 
cultural Society and the co-operation of the Institute of Brewing. 
Not only is useful information spread among farmers, but the 
Station itself gains considerably by this closer association uith 
practical men. As part of this extension the Station has now, 
with the consent of His Grace the Duke of Bedford, taken over 
from Dr. J. A. Voelcker the lease of the Woburn Experimental 
Farm, so that this now becomes a part of the Rothamsted 
organisation, allowing us to make experiments simultaneously on 
a light and on a heavy soil ; a very advantageous arrangement. 

The activities of Rothamsted, however, are not confined to 
the British Islands, luit are gradually spreading out to the Empire 
and other countries abroad. The International Education Board 
sends workers from all parts of the world to study in these labora- 
tories. The Empire Cotton Growing Corporation has since 1923 
made a grant of £1,000 per annum for the development of investi- 
gations in Soil Physics, while the Empire Marketing Board has 
recently invited the co-operation of the Station in solving certain 
agricultural problems of groat Importance to the Empire. 
This side of the work is almost certain to develop. 



16 


REPORT FOR THE YEARS 1925-26 


The purpose of the work at Rothamsted is to discover the 
principles underlying the great facts of ag^riculture and to put the 
knowledge thus gained into a form in which it can be used by 
teachers, experts and farmers for the upraising of country life 
and the improvement of the standard of farming. The criterion 
by which the work is to be judged is its trustworthiness; if it 
satisfies this condition it will assuredly find its place in farm prac- 
tice, or as part of the material which teachers can use in country 
schools, farm institutes and agricultural colleges for the education 
of their pupils. 

The most fundamental part of agriculture is the production 
of crops, and to this object most of the Rothamsted work is 
devoted. The problems fall into throe groups concerned respec- 
tively with the cultivation of the soil, the feeding of the plant, 
and the maintenance of healthy conditions of plant growth. 

The field work at Rothamsted for many years centred round 
the effects of artificial manures and of farmyard manure in the 
production of farm crops. The farmers of (Jreat Britain make 
some £14,000,000 worth of farmyard manure each year, and they 
spend on artificial manures a sum whicli is probably not much 
short of £8,000,000 a year. The waste of farmyard manure is 
known to be considerable, and it is certain that the artificials are 
not used as well as they could be. Numerous measurements 
indicate that only about 60 or 70 per cent, of the nitrogen given 
in artificial fertilisers is recovered in the crop ; the remaining 60 
or 40 per cent, is wasted. It has been estimated that the loss from 
waste of farmyard manure and of artificials in the soil represents 
a sum probably not less than some £8,000,000 or £0,000,000 per 
annum. 

The Rothamsted plots, while demonstrating the effects of the 
various artificial fertilisers on farm crops, are not in themselves 
sufficient to afford guidance as to the most suitable kind of manur- 
ing for any particular crop or soil type. The influence of soil and 
season on the effectiveness of manures is very considerable; work 
is now being done to find out as much as possible about it. Three 
methods are followed : 

1. The Rothamsted experiments are repeated year after year 
on the same lines, and some of them on the same land ; the results 
for the different seasons are then compared by proper statistical 
methods. 

2. Typical experiments arc repeated on farms in different 
parts of the country, the plan being kept uniform so that the 
results can be compared. 
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3, Detailed observations are taken of the rates and habits 
of growth of crops grown under different treatments. Studies are 
made of the ways in whjch these changes affect crop production 
in different conditions. 

Crop production is so ancient an art, and good farming 
tradition embodies so much wisdom, as science has abundantly 
proved, that the search for improvement is difficult. The most 
troublesome problems at the present time are on the arable land ; 
this is proved by the steadiness with which farmers are driven by 
economic pressure to lay it down to grass. The grassland pro- 
duces less than the arable, but it involves much less expenditure 
and offers more possibility of a profit. It js only the ordinary 
arable culture, however, that is shrinking; intensified culture such 
as that of potatoes, fruit, vegetables, and the new crop, sugar 
beet, continues to expand; some of the data are as follows : — 


Crop;. 

IV.-I V< i-rs' 
Av,r.'i4c, 

1914. 

1924, 

192.V 


tons. 

tons. 

tons. 

Intensive Crops, increasing : 
Potatoes 

3,614,000 

3,. 54 1,000 

4,209,000 

Sugar Beet 

— 

180,000 

440,000 

Orchards in Eastern 
Counties ... acres 

51,132 

81,136 

81,477 

Small fruit in Eastern 
Counties ... acres 

40,000 

44,320 

42,635 

Ordinary Cultivation, de- 
creasing : 

Turnips and Swedes 

21,700,000 

18,200,000 

16,013,000 

Wheat 

l,5!)r),(KI0 

1,412,000 

1,414,000 

Hay 

8,910,U00 

8,973,000 

7,992,000 

Apart from questions 

of market : 

ing, which lie 

outside our 


province, the greatest hope of improving the output from the 
arable land is to increase the yield for a given amount of expendi- 
ture or decrease the expenditure required to obtain the same yield. 


FERTILISER INVESTIGATIONS. 

One of the easiest ways of achieving these purposes is to 
make proper use of fertilisers. Nitrogenous manures Increase 
crop yields in almost everv season and are the steadiest of all in 
their action. In the two past }ears the average increases per 
acre given by 1 cwt. Sulpliale of Ammonia per acre have been 



]92:>. : 

Avcr.if!c 

lip to . RiiihiimsIi'H, OiifsiOr 
nei 1 Ciiiltv?. 

1921’. 

Kotham^tcU. 

Centres. 


Potatoes ... 

^ 20 : 22.7 — I 

25,5 24 

cwt. 

Barley 

(5,5 i (5.25 , 7 1 

Nil 4.5 I 

bushels. 

Oats 1 

1 7 10 ; 3.75 ■ 

1.80 — ' 

, bushels. 
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The barley and oat results of 1926 are wholly exceptional in 
our experience, but the 1925 va/ues are very simi/ar to those given 
in the last Report (J 923-24, p. 16). More remarkable still, the 
results obtained by Lemmermann in Germany are of the same 
order as ours, showing a simiiarity of action in spite of the great 
difference in conditions. The average values he obtains are, per 
cwt. of Sulphate of Ammonia : — 

Potatoes 20 cwt. 

Barley ... 4 cwt. or 8 bushels. 

Phosphates and potassic fertilisers have much less regularity of 
action : they do not always increase every crop, but where they 
are effective they are of considerable value. Superphosphate is a 
sound investment for root crops; it may give little return in good 
seasons when roots arc plentiful, but it gives much needed 
increases in bad seasons when roots are scarce; some of our yields 
of swedes were, in tons per acre : — 



[ 

Poor Vear, 
1920. 1 

Com! Year, 
1924. 

No artificials 

No phosphate, but only sulphates of potash and of 

3.3 

17.3 

ammonia 

9.3 

19.1 

Phosphate in addition 1 

10.3 

20.6 


In like manner potassic fertilisers are an insurance against 
spring droughts for the potato crop (p. 22). Finally, \vhere\<*r 
supplies of farmyard manure are restricted, the fertility of the soil 
falls off considerably unless phosphatic and potassic fertilisers are 
periodically added. This is shown in the following yields of 
barley grown in tlie same field (Little Hoos), part of which received 
no phosphate while other plots received periodical dressings of 
superphosphate : — 




! PlK’sphatc 

iU'SiiKi..S ACKi:. 

No l’l)os}ih,it(' ' 

! (?ivrii smi c n«.)4. j 

Failing off 
in ) 

1909 


40,00 

30.6 

4.0 

1914 


... : 37.32 

23.27 ; 

14.0 

1922 


37.80 

20.25 1 

i i 

17.6 


Much attention has been devoted to these special actions and 
tlic investigation has l)een widened to include other substances 
affecting the plant besides the fertilisers now recognised. 

Recent experiments made in the laboratory and elsewhere 
have shown that plant growth is affected by three groups of sub- 
stances : — 

1. Those of which the plant is made : the nitrogen, phos- 
phorus, pota.ssium, calcium, sulphur and other familiar con- 
stituents of the ordinary artificial fertilisers. 

2. Some that help the plant utili.se the above constituent.s, 
making a slender ration go further, such as sodium, which helps 
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jn the utilisation of potassium, and silicon, which increases the 
effectiveness of phosphatic and, on some soils, potassic fertilisers. 

3. Some necessary to start important processes in the plant, 
including iron for the formation of green chlorophyll, manganese 
for essential oxidations, and boron for the normal development of 
nodules on the roots of beans and certain other leguminous plants; 
all these are wanted in minute quantities only. Chlorides in larger 
quantities influence the ripening processes. 

Numerous experiments have been made to study this effect 
of chlorides on the formation of grain in cereals. Barley receiv- 
ing muriate of ammonia produces a greater number of grains of 
head corn size than barley receiving the same amount of nitrogen 
as sulphate of ammonia; the figures are, in millions per acre* : — 


j 

I No 

1 .N'itrogefi, 

1 

Suj[jhate of i 
Ammoiii.i. 

.Aiuriate of 
Ammonia. 

Excess of 
Muriate over 
Sulphate, 

1922 

i 17.1 

' 18.9 

19.8 

0.9 

1923 

I 10.5 

i 17.3 

18.9 

1.6 ‘ 

1924 

12.0 

1H.7 

17.0 

0.3 

1925 

1 12,3 

1 

15.1 

16.5 

! 

1.4 


* Obtained by combining the yields with the weight per 1,000 corns. 


The increased number is obtained even in 1922 and 1924, 
W’hen there was little ttr no dillercnce in weiglit of the crop. The 
effect is shown most clearly by muriate of ammonia ; it is not so 
distinct with muriate of potash. 

The chloride does not seem to increase the tillering, i.c,, the 
number of heads per plant ; its action apparently is to increase the 
number of grains per head bv increasing either the number of 
florets that become fertile or the number oi grains that develop; 
ordinarily many do not. 

Further, the chloride does not increase the total growth of 
the plant, it only alters the distribution of the plant material, 
sending more of it to the grain. The non-nitrogenous material 
seems to be particularly affected, for the grain contains more of 
it, and a lower percentage of nitrogen, tljan grain from barley 
receiving sulphate of amm^mia. These effects are well seen in 
the barley results of 192n 


Manure suppljeti. 

1 rm.il 

; rr'llllKf, 

1 Ih jx’r .KH', 

Gf.iin 

, {k'riurc. 

; lb. Inishrb. 

•Nitroren 
p*T rent, 
in dry grain. 

No Nitrogen 

., j 2,775 

1,300 ' 26.0 

1.597 

Sulphate of Ammonia 

i 3.926 

1,813 i 32.25 

1.585 

Muriate of Ammonia 

... j 3.932 

' 1,819 35.0 

1,552 


Other effects quite distinct from these appear to be produced 
by something associated with cynnamide, on which an extended 
investigation has been conunenced. Usually nitrogenous fer- 
tilisers in increasing the yield of grain also increase the length of 
the straw and so tend to “ lay the crop. In this season’s 
experiments, cyanamide, while increasing the grain as much as 
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sulphate of ammonia, did not cause the straw to grow so long. 
Further, it caused more tillering, r.e., it increased the number of 
heads per plant, though it produced no more grain than sulphate 
of ammonia. It is improbable that the cyanamide itself brings 
about these effecis as it quickly decomposes in the soil; some other 
substance associated with it is more likely to be the agent. 

These results seem to promise a way of obtaining valuable 
increases in grain crops. For if both the number of heads per 
plant and the number of grains per head can be increased, the 
way seems open to considerable increases in yield at only small 
expense. 

Barlkv. 

The amount of barley used for malting is steadily increasing, 
the fall in the quantity taken by distillers being more than counter- 
balanced by the increased amount taken by brewers. The figures 
for the past three years for Great Britain and Northern Ireland 
have been* : — 


Vear encied 
yOth St’pti’inler. 

.Malt user! in 

Malt used in 

OiStl.'liii;.;. 

Total 

.Malt. 

Estiiiiatfti 
{‘(jiiivali'nl in 
llarU y yl 

Total .Malt. 


cwt. 

cwt. 

cwt. 

cwt. 

1923 

, * 10.742.000 

3,242.502 

13.985,302 

18.647.000 

1924 

. 1 11,275.235 

3,105.525 

14.380,760 

19,174,000 

1925 

. 1 11.453.591 

1 

3.05().b01 

' 14,510.192 

19.347,000 


* EarliiT figures are not comparable since they Include the whole of Irelnnd. 


Of these quantities it is estimated that 75 per cent, are home 
grown. It is perhaps too much to hope that all the malting barley 
could be produced in these islands, but the proportion could be 
raised with advantage t') the British farmer; the maltsters will 
pay 50/- to 70/- per quarter for barley, wliich, if kept on the farm 
and fed to animals, would be no better than grain purchased for 
35/- per quarter. 

The field experiments have, therefore, been made with mailing, 
barley, and llieir purpose has been to discover the effects of soil, 
climate and manure on the yield and quality of the grain, 'i'hcy 
have been carried out under llie Research .Scheme of the Institute 
of Brewing, of the Ikirlev Committee of which the Director is 
Chairman ; the arrangement has the great advantage that tlie 
produce from each plot is examined in full detail by expert malt- 
sters and brewers. 

The first series of experiments, carried out not only at 
Rothamsted, but on some 15 good barley growing farms in dif- 
ferent parts of the country, led to the following conclusions ; — 

1. Soil and seasrjn are the main factors determining yield 
and quality in barley. Conditions increasing the quantity per 
acre of non-nitrogenous material (presumably starch) in the grain 
without correspondingly increasing- the amount of nitrogen appear 
also to be conditions making- for malting quality. 

2. Sulphate of ammonia in small quantities (1 cwt. per 
acre) increased the number of tillers and the number bearing 
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grain ; it also increased the yield of grain by about 5 bushels per 
acre in all the seasons 1922 — 26, the effect being but little influ- 
enced by season. On the average it slightly raised the nitrogen 
content of the grain, but insufficiently to affect the buyers’ valua- 
tion. 

The Institute of Brewing is going further into the question 
whether the slight change is of any significance in malting, and 
for this purpose 30 quarter samples of each experimental lot are 
being obtained this year. 

3. Larger quantities of nitrogenous manure may raise the 
percentage of nitrogen in the grain so much as to be perceptible 
by the buyer; in consequence the valuation falls. 

4. Superphosphate also increased the number of tillers, but 
at must centres it had little effect on yield, except in 1925, when 
it commonly gave increases, and no recognisable effect on quality 
or on percentage of nitrogen in the grain. On loams in the 
Eastern Counties, howev'^er, it increased the yield and decreased 
the percentage of nitrogen. In certain circumstances It appeared 
to decrease the crop. 

5. Sulphate of potash caused little or no increase in yield; 
indeed, at one centre there was a depression. It slightly lowered 
the percentage of nitrogen in the grain, but had no effect on the 
weight of 1,000 corns or on valuation. 

6. Muriate of ammonia, however, Iiad the remarkable effect 

of increasing the number of grains of bend corn per plant, 
apparently by increasing the number per head rather than the 
number of heads. Its action seemed to be to move the material 
more completely from the rest of the plant to the seed, for it gave 
no increase in total plant growth per acre grain, straw, 

cavings, and all the rest of the plant). It lowered the nitrogen 
content of the grain and improved the valuation. A tabulated 
summary of the Rotham steel results follows : — 


.Vffrogf J10U5 FertiViscr. 


1 

Cr'I!! 


'll 

Cry M.itt.T. 

1 

\'n 

C'-inj'li tc. 

\ > 


1 

1 

Nitrx*'!!. 


Li'mpjitc'. 

1922 

41. S 

41.4 

1.702 

1.767 

1923 

40.0 

40.0 

1.017 

1.029 

1924 

39.5 

.39,1 

1 .434 

1.414 

1925 

40.0 

40.0 

1.507 

1.049 

General Atean 

40.3 

40.1 

1.57S 

1.011 


Plfospliaiic 

Ft’rb/j'5cr. 




1 1 
j J,nr;() C.M 1 Wo: lit. 1 

Niiroiion 

in IVy M.ukr. 


t'bnspli.-Ui'. [ 

Ci'iwpVlc. ■ 

N» 

Phosph.iU'. 


1922 

1 42.0 ^ 

41.4 

1.700 

1,707 

1923 

j 39. S 

j 3S,9 

40.0 ; 

1.0S4 

1,029 

1924 

39.1 

1 .425 

1,414 

1925 ... 

j 39.7 

40.0 : 

1,030 

i 1.049 

General Mean 

1 40.0 ' 

40.1 

1.019 

1.611 
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Potassic Fertiliser 



1,000 Corn Weight. I 

^ Nitrogen in Dry .viatter. 

No 

Potash. 

Compk-fc. 

1 

No 

Potash. 

Complete. 

1922 

41.4 

41.4 1 

1.774 

1.767 

1923 

39.7 

40.0 I 

1.663 

1.629 

1924 

39.2 

39.1 

1.451 

1.414 

1925 

39.8 1 

40.0 1 

1 

1.681 

1.649 

General Mean 

40.0 ' 

! 40.1 1 

i 

1.641 ' 

i 

1.611 


Potatoes. 

The potato crop is one of the most important in the country ; 
It occupies about half a million acres and forms a large item in 
the annual value of British agricultural produce. Potatoes arc 
among the few foods of which wg produce practically all that we 
consume. 

Potato growing tends to become highly specialised, and, as 
in all specialised farming, the growers have a thorough km)w- 
Jedge of the peculiarities of the crop. Ordinary field experiments 
arc rarely accurate enough to give them useful information ; we 
have therefore used the new methods, which are not only in them- 
selves more accurate, but permit of the calculation of the degree 
of trustworthiness of the results. 

The purpose of the experiments is to discover 

1. the effect of manures on the yield and quality of 

potatoes; 

2. the relation between the amount of fertiliser and the 

crop yield. 

The fertilisers nu):,! studied are the nitrogen and potassium 
compounds, and these necessitate a large number of plots; there 
have been very few experiments with superphospliate, although 
it forms the basis of most potato manure.s. 

The nitrogen fertilisers are usually the most consistent in- 
their action, giving every year, with rare exceptions, an increase 
of about 20 cw'ts. of potatoes per cwt. of sulphate of ammonia, 
whatever the season and whether farmyard manure lias been given 
or not. The increases have been, in cwts. of potatoes per cwt. 
of sulphate of ammonia applied ; — 

1922. 1023. 1024. 10*2o. 1026. 

20 22—20 20 20 25 

3'he data suggest that potassic fertilisers are a good insur- 
ance against loss by spring droughts. On our farm — we have 
not the necessary data for others — there is curiously little varia- 
tion from .season to season In the maximum yield of potatoes 
obtainable by appropriatt; manuring. Our maximum is 11 to 13 
tons per acre and the yields of these plots have been between these 
limits in each of the four years 1023 to 1026 inclusive. Usually 
4 cwts. sulphate of ammonia and 4 cwt.s. sulphate of potash per 
acre are necessary to secure the maximum crop. Economy of 
cither ammonia or potash reduces the yield, but the effect depends 
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on the season ; cutting down the ammonia did more harm than 
cutting down the potash in 1926, but less harm in 1925, 

Muriate of potash is cheaper than sulphate of potash and 
for this reason is used in preference by some growers ; it is also 
put into many potato ‘‘compound fertilisers.” At Rothamsted 
it is practically as effective as the sulphate, especially where little 
or no farmyard manure is given; there is a seasonal factor, and 
1923 was especially favourable. The yields have been, in tons 
per acre : — 



1921. 

1922. 

192.3. 

1924. 

1925. 

1926. 



No 


No 


No 


No 

No 



pHi'ni 

harm 

Farm 

F'arm 

Farm 

Farm 

Farm 

Fann 

Farm 



Van! 

Yard 

Yard 

Yard 

Yard 

Yard 

Yard 

Yard 

N’ard 

Yard 


Mail- 

Man- 

Mail- 

Mail 

Man- 

Man- 

Man- 

Man- 

Man- 

Man- 


lire. 

ure. 

lire. 

ure. 

ure. 

ure. 

ure. 

ure. 

; ure. ! 

ure. 

No Potash , 

148 

1..3o 

9.03 

2.47 

11. 10 

9.72 

9.18 

«.20 

■ 5.03 ! 

9.45 

Sulphate of Potash 

1 :1.94 i 

3, re 

r 9.55 

8.30 

1 12.4,1 

112.25 

^ 8.82 

■ 7-2s 

^ 9.82 : 

hl.36 

Muriate of Potash 

1 3.ol . 

4.12 

; 9.21 

8.32 

13.28 

i )2.9G 

1 8.70 

: 7.15 

9.42 

! 11.52 

Low Grade Potash Salts ... 

I 3.48 ' 

3.55 

i 9.49 

8.0t ^ 

1 

L0.48 

1 10.02 

i 9.25 

; 7.85 

i 9.36 

i 10.97 


The second cwt. of sulphate of ammonia was more effective 
than the first in 1926, but less effective in 1923 and 1924:; the 
third and fourth cwts. were less effective than the second, but 
still profitable. For potassic fertilisers the returns are usually 
less consistent and they arc much affected by the season and by 
farmyard manure. Tltc crop increases per cwt. sulphate of potash 
have been in cwts. per acre : — 



1922 , 

192 :;. 

1924 . 

1925 . 

1926 . 

Rothamsted : 






No dung given 

•oS 

25 

10 

: 40 to 46 

— 

Dung given ... 

20 

10 

0 

: 

20 to 23 

Outside Centres ; 






No dung given 

53 

1 i» 

— 

24 

— 

Dung given ... 

38 

! 25 

27 
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Farmyard manure reduces the effectiveness of potassic fer- 
tilisers by about one-lialf. Seasonal factors cause even greater 
fluctuations; 1922, 102.a and 1926 were pre-eminently potash years, 
1924 was not ; 1023 came in between. The ineffective year, 1924, 
had a very wet spring; in the effective years the spring was dry. 
In 1923, the year of intermediate ctTectivcness, the summer was 
warm and bright; in 1922, 1925 and 1926, the most effective years, 
it was cold and wet. The rainfall and sunshine data are : — 


Vcai . 

Painf.ili, 

Spriin:, | July tVt, 
May & June, i iiteiusiw. 

Honrs (if Sniishjne. 

Sprim:, i July tV*. 
May & jiine, iiu'lusive. 

I'ot.lssic 

InTtilisers. 

1922 

2.46 1 10.13 

509 

519 

Hflfcctive. 

1925 

2.46 ; 13.02 

464 

544 


1926 

4,67 7.71) 

334 

578 


1923 

2.17 i 12.88 

282 

768 

I Loss Effective. 

1924 

6.31 j 13.66 

391 

603 

1 Nun-Effective. 
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The effect of manures on quality is difficult to determine. 
Skilled salesmen have usually been unable to discriminate between 
potatoes g^rown with sulphate of potash and those grown with 
muriate of ammonia or potash. Cooking tests of the 1922 crops 
were in favour of the sulphate, and there is a common opinion that 
the sulphate is the better for giving quality. 

Chemical examination of the tubers from the various plots 
has been made each year, but has so far thrown little light on this 
problem of quality. The percentage of dry matter in the tubers 
is highest on the unmanured plots ; it is lowered by manuring with 
farmyard manure and still more by adding potassic fertilisers 
along with the dung. In absence of dung sulphate of potash has 
usually increased the amount of dry matter while the muriate has 
decreased it. The proportion of starch in the dry matter is much 
affected by seasonal factors and no consistent effect of fertilisers 
can be traced ; farmyard manure lowered it in 1922 and 1924, but 
raised it in 1923, a year when it had but little effect on yield. 
Potassic fertilisers always increased the percentage of starch in 
absence of farmyard manure, but somewhat lowered the per- 
centage in presence of farmyard manure; the sulphate was more 
effective than tlie muriate in absence of farmyard manure. 


The Manuring of Grassland. 

The experiments on the manuring of grassland with basic 
slag have been continued both at Rotliamstcd and at certain out- 
side centres. Three slags of different solubility were compared 
on new seeds ley, old hay, and grazing land, sheep being the 
animals used for grazing. 

The results show that solubility is a fairly good criterion of 
effectiveness; the higii soluble slag was better than the medium, 
and this better than the low soluble. Apparently the difference 
is not simply in the amount of phosphate present; an increase in 
the dressing of low soluble slag docs nut make it equal to the 
high soluble slag; the two slags behave as if they were different 
substances. The low soluble slag seems to have distinct value 
in moist conditions, but not in drier districts. 

The experiment on new seeds ley was made at Brooke, near 
Norwich, and the one on old hay at Enmore, in Somerset; both 
were by the new methods. The results were, in tons per acre : — 



i Nvw Hay : 

Norf<?Ik. 1 

OI<I If, IV ; 

SoriMTiet, 

Trt'iitment. 

Tons 1 

IVrcf'fi:, 1 

( 

'I'nn.s 

1 IVrcnit. 


\fOr arm. 

{XT iirrr 

No Phosphate 

2.28 

100 

1.37 

100 

T.ow Soluble Slag 

2.28 

100 

1.49 

109 

Medium Soluble Slag ... 

2.M 

IDl 

1.50 

no 

High Soluble Slag , 

2, da 

no : 

1 .53 

112 

Standard Error 

- 

5.4 I 


7.1 


I'hc grazing- experiments are more difficult to carry out, and 
the new methods cannot be used owing to the great difficulty of 
setting up an adequate number of replicate plots. The liability to 
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error is increased by the irregularities of the pasture^ the inequali- 
ties among the sheep, and the fact that the land must be very 
closely grazed or the herbage becomes too coarse to nourish the 
sheep. This close grazing is very important; at one centre the 
sheep did worse on the slagged land than on the unmanured, 
simply because the grass grew too much for them. In conse- 
quence the grazing results are not as sharp as those on arable or 
hay land, where the errors are much smaller. 

The Rothamsted grazing plots, which were set up in 1921, 
were re-dressed with similar slags in 1925. During the whole six 
years neither the Gafsa nor the low soluble slag had any action ; 
the high soluble slag acted better. For these high soluble slags, 
however, their order of efficiency was not the same as the order 
of solubility. The results were : — 


Average Yearly Live Weight Increase in Sheep, lb. per acre. 


Desenption of 
Phosphate. 

Coni 

To'.il 

Fliospli.ite. 

Niluhility. 

Rr 

A\ 

4 yesr? 

th.mslcd 
traee U r 

, 2 vfars, 

.Axcrayc far 

2 \ ^ars, 
1925 2«, 

Jvo Phosphate 

— 

— 

124 

149 

170 

Gafsa 

— 

— 

123 

151 

185 

Slag, Low Soluble ... 

21.1 

27.7 

127 

140 

209 

High Soluble ... 

19.8 

70.9 

159 

180 

181 

High Soluble ... 

19,8 

70.9 

140 

147 

1S7 

High Soluble ... 

42,5 

77.2 

120 

150 

— 

High Soluble ... 

18.0 

si.:{ 

100 

138 

210 

No Phosphate 

— 

-- 

107 

136 

— 


Comparison of the Rothamsted results with those obtained 
elsewhere brings out tlie very interesting fact that grassland is 
not readily improved by slag if an acre of it yields some 200 lbs. 
live weight increase in sheep. The striking results are obtained 
on land giving only 50 or less lbs. increase per acre. The figures 
are : — 



Live 

' Weij^ht 




Nunih r ef Shn p c.irriej 


i 

ib. [H-r 

irre, 



IXT aero. 


Centre. 

i 15)25. 


15V 

2(5. 


1925. 



^ No 1 

'!ish 

No 

Hicli 

N.1 

: i No i I 

kh 


■ Manure S( 

■liibk N 

f.iiuiie. 

S'luLlc 

M.iin:! 

a .: N-.]u;-.Ie I M.u'.ure. S.- 

iiMc 



‘lair. 


SiaiT. 




Fiddington 

242 : 

212 

187 

93 

0.5 

0,5 0.3 

0.3 

Thnissington 

.. 134 

105 

1.50 

225 

3.7 

3.7 0.0 

0.0 

Rothamsted 

.. ■ 81 

10.3 

190 

190 

0.0 

0.0 O.l 

0.1 

Hebron 

.. , 53 

123 

18 

71 

2.0 

4.0 2,0 

4.0 


Fertiliser Action and the Law oe Diminishing Returns. 

Periodically a good deal is heard about the Law of Diminish- 
ing Returns, and farmers are reminded that tlie use of fertilisers, 
or any other improving agents, beyoml a certain point is not eco- 
nomically sound, the extra yield obtained not paying the additional 
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cost of winning- the crop. This is undoubtedly true, but it is also 
true that many farmers are not near the point of diminishing" 
returns and wx)uld obtain better results, both in output and finan- 
cially, by putting more into the land. 

Data are accumulating (see 1923-24 Report, p. 16) to show 
that in many instances the return from fertilisers and other im- 
provements increases with increasing quantities before it begins 
to decrease. This is shown in the potato experiment of 1926, 
where the successive increases in yield given by successive doses 
of sulphate of ammonia are, in cwts. per acre: — 

Quantity of | Succcssiv'e Increases in yield for Sulphate of Ammonia. 

Sulphate of I’titash 


pr acn'. 

' 1st I'Wt. 

2nd rwt. 

3nl and 4th 
rwt. 

1 cwt. 

.. : 23.6 

31.6 

6 

2 cwt 

23.2 

22.6 

13.2 

4 cwt. 

.. ; 24.4 

i 28.6 

19.0 

Mean 

23.7 

27.6 



I'lie second cwt. of sulphate of ammonia is not only profit- 
able, but more profitable than the first. 

This increasing return has so far been observed only with 
nitrogenous manures, and it is marked only in certain seasons. 
It may, however, always occur hut be missed: in a field experi- 
ment only few quantities can be tested, and usually for potatoes 
the steps have been greater than 1 cwt. per acre. 

The effect of the fertiliser is influenced by tlie time at which 
it is applied. In the experiments on oats in 1925 the late dressing 
gave the better result for 1 cwt. sulphate of ammonia, while in 
192.3 the earlier dressing had proved the better. In both years 
2 cwts. per acre gave better returns when applied late. The 
increased yields for the early applications of the sulphate of 
ammonia are curiously similar : there is more difference for the late 
application : — 


Time of 

f 

i 192.1. 

I 1 rwt. 

2 cwt. 

192.V 

1 cwt. 1 

2 cwt. 

Ar>p!iratjot!. 

bush. 

bush. 


bush. 

Early {a) 

i 8.1 

17.3 

1 9.8 1 

IthH 

Late {b) 

[ ■ 5.4 

24.5 

1 14.7 ! 

: 1 

19.7 


(а) March 28th in 1923, March 5th in 1925, 

(б) May 22nci in 1923, May 5th in 1925. 


I'lie effectiveness of the late dressing is probably in some way 
bound up with the relation between grain formation and growth. 


METHODS or FIELD EXPERIMENTATION, 

The foregoing pages show how completely the modern fer- 
tiliser problems differ from tlio.se of the earlier days. Formerly 
the interest lay in showing that good crops could he obtained by 
the u.se of artificial manures, or in comparing artificials with 
farmyard manure, 'fhe results have now become embodied in 
genera) farming experience and no longer form the theme for 
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experiments. Modern problems are concerned much more with 
matters of detail : such as the comparison of fertilisers which are 
nearly alike, or the tracing out of the elfects on the growing crop 
and seeing how these can be used for increasing the output from 
the farm. Greater accuracy is now necessary than formerly, 
because a five or ten per cent, margin may make all the difference 
between profit and loss to the farmer : the results must also be 
obtained quickly, before changes in the economic situation have 
destroyed the interest in the work. 

This change in the problems has necessitated a change in the 
method of making field experiments. The older methods had the 
great merits of directness and simplicity, but they are not very 
accurate; however carefully carried out, they are liable to errors 
which in any year may amount to at least ten per cent. Improve- 
ments in technique have reduced this liability, and repetition of 
the experiments for a number of years, as at Rothamsted, tends 
to cancel out some of the errors. But quite apart from the fact 
that agriculturists now want information speedily, there is the 
serious disadvantage that the amount of the error is imknoivn. 
For any valid estimate of error it is essential that the arrangement 
or the “ sample ” should be at random and not the result of 
selection, which forms the basis of ail the older methods. 

The statistical and field departments have worked out new 
methods which are not only more accurate in their working details 
than the old ones, but satisfy this statistical requirement of random 
sampling as against selection, and thus admit of the calcu'ation or 
the error, so that the experimenter knows what degree of signifi 
cance attaches to the re.su Its. Further, the experlm nter can 
adjust the degree of accuracy to the requirements of the problem; 
if lie needs an accuracy of two per cent, he can get it ; if, on the 
other hand, he needs only to be within 10 per cent., he can change 
the design accordingly. The higher the accuracy aimed at, the 
greater the elaboration and the cost, and although it Is possible 
to interweave various experiments into one large whole, never- 
theless, the cost necessarily remains high. 

These new methods are now used for all the new experiments 
(though not for the classical ones, which are still continued in the 
old way without change) and the standard error is calculated and 
recorded in the tables. This is the first time our field experiments 
have liceii treated in this way. (See p. 1-2.) 

The new methods arc the outcome of long previous investi- 
gations in which several workers, including the agriculturist, the 
ecologist, the plant physiologist and the statistician took part. 

It was recognised that in the past more useful Information 
had often been obtained from field observations during the growth 
of the crops than from the final weighings at the end. A field 
laboratory was therefore built on the experimental fields and 
equipped with appliances for making measurements on the grow- 
ing plant, and an ecologist (T. Eden) and a plant physiologist 
(E. J. Maskell) devoted their whole time to measuring and observ- 
ing such things a.s rate of growth ; for cereals the number of 
tillers, dates of emergence of heads, length of straw and of ear, 
number of grains per car ; for roots and potatoes height and 
spread of the plant, nature of foliage, etc. These observations 
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promise to be of great value in explaining the effect of soil and 
season on plant growth and on fertiliser action. 

The figures for final yield, however, must always be the chief, 
and have often been the only, lest of any agricultural treatment. 
In order to increase their value a statistical investigation was 
undertaken to discover the basis on which improvement could be 
ctfcctcd, and field experiments were used to test which of the 
various theoretically sound methods were also practically sound. 

The work began in 1919, when Dr. Fisher applied to the 
study of variation an arithmetical analysis known as the analysis 
of variance, wliich had the advantage over the ordinary calculus 
of correlations of avoiding both the calculation of a large number 
of irrelevant values and also the numerous corrections to which 
correlations are liable, especially with small samples. He applied 
the method to the Broadbalk wheat yields and showed its value 
for measuring the effect of distinct groups of causes. This 
investigation, liowever, showed the need for more exact methods 
than those previously used for treating the small number of cases, 
or samples, generally available in agricultural investigations. The 
first example of an analysis of variance in its modern form was 
the examination of the results of T. Eden’s experiment in 1922 on 
the response of dift'erent potato varieties to manures (Fisher & 
Mackenzie, Journ. Agrlc. Sci., 1923). Somewhat later, 
“ Student ” gave alternative proofs by himself and by Fisher of 
formulae appropriate to cereal variety experiments. Thus rigorous 
methods of statistical examination were elaborated. 

The next step was to develop a correspondingly rigorous field 
technique, and tliis was done by Dr. Fisher in co-operation with 
T. Eden and E. j. Mask ell. The chief difiicuUy was to overcome 
the effects of the irregularities in the soil which had long been a 
serious stumbling block U) field experimenters. 

Part of the irregularity or heterogeneity could be eliminated 
by suitable arrangements of the plots, but there was always an 
unknown remainder of residua! errors. It was shown that the 
statistical analysis pre\ iously developed could eliminate the former 
and at the same time alford a valid estimate of the remaining 
errors, provided that the plots were sufficiently replicated and 
deliberately randomised. 

Dr. Fisher tlien devTsed various types of experiments to meet 
the requirements of the statistical analysis and tested these on the 
results of uniformity trials so as to discover wiiicli w^re the most 
accurate and convenient in actual working. Two types stood out 
as satisfactory; randomised blocks and Latin squares. The ran- 
domised block is the simpler and the more easily adjusted to suit 
the peculiarities of the field and the crop. The experimental area 
is divided into several strips or blocks, each of which contains one 
plot of each treatment, the arrangement being deliberately at 
random and determined ncjt by .selection, but by writing the pos- 
sible arrangements on separate cards, shuffiing them, and drawing 
one out. Since one block is not directly compared with another, 
the differences in soil fertility between them are eliminated; and 
since the arrangement within the blocks has been entirely at 
random, the significance of the results can be estimated. An 
example of this mellKxl is given on p. 146. 
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The Latin square is the more accurate but less widely applic- 
able in fertiliser experiments. The plots arc arranged with as 
many rows and columns as there are treatments. Each treatment 
appears once, and only once, in each row and each column. A 
surprisingly large number of arrangements are possible, but the 
selection is again deliberately at random and, as before, is effected 
by the shuffling- and drawing of cards. The potassic fertiliser 
experiments on potatoes are an example (p. 138). 

Two years’ experience of these methods has satisfied us that 
they are practicable, though they are cosily because they necessi- 
tate large numbers of plots : a single experiment may require 
some 50 to 80 plots. The additional accuracy, as compared with 
the older methods, is a great boon to the agricultural expert 
because it gives him much belter material on which to base his 
advice to farmers. And it has the supreme advantage that the 
actual figures of crop yield ha\ e for the first time become definite 
scientific data, so that tl^ey can be related to other values such, 
for example, as meteorological data. Strict comparison can be 
made where previously only vague and general comparisons were 
possible. 


THE INFLUENCE OF WEATHER ON CROP YIELDS AND 
FERTILISER ACTION. 

The new methods outlined above for making field experi- 
ments, and studying^ the results, make it possible to discover with 
considerable precision tlie innuence on er(.)p yields of rain, tem- 
perature, sunshine, or any other meteorological factor that can be 
measured and expressed in figures. Dr. Fisher has already 
traced the connection between rainfall in the different months of 
the year and wlieat yields under different lertlliser treatments : a 
similar investigation into barley yields has now been made. The 
effect of hours of sunshine on wheat yields has also been 
examined : the most striking effect is of autumn sunshine just 
before or just after liie sowing of the crop : wliether the benefit 
arises from the warming or the drying of the soil is not yet found. 
For the rest of tlie year, even in July, actual sunshine seems 
unimportant : the great weatlicr factors seem to be tlie tempera- 
ture and the rainfall. 

Observation in the field has brought out several interesting 
facts : that nitrogenous fertilisers are affected less than any others 
by season (p. 17), that j)hospli:Ues act luMtC' on swedes and 
turnips in a cold, wet wav than in a good growing season (p. 18), 
that potassic fertilisers act belter on potatoes in a dry spring 
than a wet one {p, ‘231. W’ith fuller knowledge of these actions 
it would be possible to draw up schemes of manuring suitable to 
any specified kind of season. To some extent this has been done 
for potatoes. J’here are each year at Rothamsted a number of 
plots of potatoes receiving various manures. The highest yield 
shows little variation from venr to year, being about 12 tons per 
acre whatever the season (excepting in 1921, the summer of excep- 
tional drought). Rut the man n rial treatment required to get it 
does vary ; in some seasons potassic manures were the most impor- 
tant, and in others nitrogenous. 
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THE USE OF LIME AND LIMESTONE. 

Lime and limestone have two important effects upon the soil, 
both of which have been studied in considerable detail. 

1. On all soils they neutralise acids and thus change sour 
or acid soils to a sweet or neutral condition. 

2. On lieavy soils they improve the texture of the clay, 
reducing its stickiness and so facilitating the movement of the 
implements, the soaking away of water and the growth of plant 
roots, especially on arable soils. 

It is usual to measure the intensity of the acidity on the 
so-called pH scale on which 7 stands for neutrality, higher num- 
bers for alkalinity and lower ones for acidity. Ordinary good 
soils have values of 7 and over; alkaline soils do not occur in 
this country, but of the many acid soils examined, very few have 
values as low as 4 ; most of the bad ones are about 5 and the 
somewhat acid ones about 6. 

Dr. E. M. Crowther has investigated various methods for 
measuring soil acidity and fur calculating the amount of lime 
necessary to reduce it to any desired extent. 

As a general rule neutral soils are the most fertile. It 
is not always necessary, however, to aim at complete neutrality. 
Some crops will tolerate a certain amount of acidity and 
do not respond to lime added beyond this joint. Potatoes 
grow just as well on acid soils of pH 6 as on neutral soils of pH 7, 
and they arc less liable to scab; addition of lime is therefore waste 
of money. Lucerne, on the other hand, lias failed on soils with 
pH 6. Certain plant disease organisms llourish in acid conditions ; 
linger and toe becomes serious when the acidity is worse than 
pH 6. Some of pr. Crowfher’s measurements are: — 


pH Values for Pairs of Comparable Soils Differing in A grictiliural 
Value. 


C.'ntrc, 

; Crnp. 


pU. 

Condition. 

pH. 

I. Rothani-Stwi . . 

S\ve<ies... 

lorpi'er and 

S.S.a 

\o finger and 

7.<>0 



toe 

6.05 

toe 

7.87 

2. Garforth 



5.«fi 

M 

6.1.3 

3. Aberdeen 

: Turnips 

Much fin/jer 

0.21 

Little finger 

7.13 

4, Somerset 

Barley ... 

and toe 
Failure 

4.41 

and toe 

Good 

5.77 

ry. Ipswich 

Lucerne 


6,15 


7.80 

i). CarrinKton 
Moss 


WiLSte land ... 

3.01 

: i 

; Cultivated ... j 

5.52 


— 

Bad field ... ; 

4.8S 

(jo<kI field ... 1 

,5.14 

7, Pusey 

Potatoes 

Much scab ... | 

7.40 

Little scab ... 

6.13 

i 


7.65 


6.75 


Much work has been done to discover the limits of tolerance 
of the most important crops. I'lie li.st as it stands at present, 
beginning with those that cannot tolerate acidity and ending with 
those that can stand a good deal of acidity, is : — 
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li'ss Tolf'rarit. 

More Tolerant. 

Red Clover. 

Cabbage and kale. 

{Alopecurus pratensis). 

Lupins. 

Barley. 

Alsyke. 

Peas, beans and vetches. 

! Sw^es. 

Wheat 

: Oats. 

Mangolds- 

! Cocksfoot. 

Mustard. 

Potatoes. 

Rye Grass. 

! Rye. 

White Clover. 

j Sweet Vernal Grass, 

j (Anthoxanthum). 

Sheep’s Fescue. 

1 Yorkshire Fog {Holcus lanatus]. 

Sorrel {Rumex acelosa]. 

Rhubarb. 


The practical outcome of this work is that it enables the 
expert to advise the farmer : 

1. Whether his soil reaction is suited to a particular crop 
and if not how much lime should be added to make it suitable; ^ 

2. What crops can be g^rown on the soil as it is or as it 
would become with small and inexpensive additions of lime. 


CULTIVATION. 

Tlic greatest single item of cost in arable husbandry is the 
cultivation of the land, and this has been so fully developed as an 
art by farmers and implement makers that little further develop- 
ment can be expected on empirical lines. Tew cultivation experi- 
ments have been made and fanners visit! lyg experimental farms 
are rarely shown anything bearing on the subject. The reason is 
that no underlying science of cultivation has yet been developed 
corresponding with the science of manuring, nor could it have 
been done until the physical properties of the soil were better 
understood- In recent years important advances have been made 
in the Soil Physics Department under Dr. Keen, and the extension 
of the work to cultivation problems has followed automatically. 

'Hie work falls into two chief divisions : investigations and 
comparisons of cultivation processes; and studies to ascertain liow 
cultivation atfects the soil. In both divisions detailed examina- 
tion is made whenever possible of the growth and final yield of 
the crop. 

During the past vear three different methods of producing a 
secd-bed for roots (swedes) have been compared : rotary cultiva- 
tion, on the ridge, and on llie fiat. Soil measurements made 
immediately before and during the operations showed that the 
main result of rotary cultivntitm was to produce a much softer 
tilth, which was well loosened or pulled up by the action of the 
tines. The percentage of finest soil crumbs was no greater than 
on the ridged plots, and but little greater than witli the fiat cultiva- 
tion, but there was a marked reduction in the percentage of the 
large lumps of soil. These differences were refiected in the earlier 
germination and belter first growth on the rotary cultivation pk ts. 
Later on the deep uniform tilth proved detrimental, for the soil 
hardened, or “ panned ” to a greater depth than on the other 
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plots. Growth was checked, and well before harvest it was 
obvious that the yield from the rotary cultivation plots would fall 
greatly behind the others. I'hese main comparisons have been 
supplemented by many soil, plant and meteorological measure- 
ments; the full interpretation must be deferred until several years’ 
data have been obtained. Broadly speaking, the effects of cultiva- 
tion are three : — formation of tilth, control of air and water supply 
to the roots, and suppression of weeds. The weed problem is 
very important in normal years, and when opportunities for culti- 
vation are restricted by wet and mild winters, it becomes exceed- 
ingly acute, especially on heavy land. The number of w^ed seeds 
capable ot development in these conditions is very large; it 
becomes enormous on certain of our experimental plots where 
wheat is grown year after year, and opportunities for adequate 
cultivation are restricted. Dr. Brenchley estimates that one of 
our fields contains in places no fewer tlian 100 million good poppy 
seeds per acre, to say nothing of other kinds of weeds. Fortu- 
nately, young plants are as a rule easily killed by appropriate 
cultivation, and this is one of the chief benefits it confers on the 
land. 

The study of the cultivation processes Is much facilitated by 
measuring the resistance offered by the soil to the passage of the 
implement : this is done by means of a dynamometer inserted in 
the hitch between the implement and the tractive force. The 
records are of direct use in comparing llie working efficiency of 
different implements, provided the heterogeneity of the soil itself 
is previously ascertained and allowed for. The records are also 
of further value after analysis in the laboratory, in ascertaining 
the part played by soil cohesion and plasticity, surface friction, 
etc. 

The dynamometer measurements thus form an essential con- 
necting link between field and laboratory studies, and it is neces- 
sary that the instrument itself should be as reliable as possible. 
Much time has been given to the development of a new design, 
and an instrument has now been evolved which has satisfactorily 
passed severe and extended tests. It has been built up partly 
from stcx'k'pattern apparatus already on the market, w'hile the 
remaining portions were developed in our o\vn workshop, tin s 
avoiding the costly prrxcss of empirical trial and adjustment. 
The instrument is very liglit and c^jnvenient in use, and as the 
record is obtained on a moving celluloid strip, it is grease and 
weather proof. Kvery range in draught from a few pounds to 
several tons can be recorded, d'he apparatus has been placed on 
the market by the Cambridg'c Instrument Company. 

The heterogeneity f>f soil that may appear quite uniform ti) 
the eye is brought out by the “ isodync ” maps of the field, all 
points having the same soil resistance being joined by a smootli 
continuous line, ddiesc maps, which resemble the familiar con- 
tour maps, arc readily constructed in the laboratory from tlu- 
dynamometer results. (Sec 11)22-24 Report, p. 29.) The annual 
tests of the past five years on Broadbalk gave strong evidence 
that the di.stri button of the soil heterogeneity across an area 
remained sensibly constant from year to year, he., the isodync 
maps for successive years are all much the same. In the past 
season a crucial test of this constancy has been made on another 
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field, in which every factor — except the soil itself— was changed 
from the previous years’ tests : the new dynamometer was used 
instead of the old one, quite different ploughs were employed, 
horses were substituted for the tractor, with a corresponding 
reduction in speed, the direction of ploughing was across the field 
and not along it, and the season was spring instead of autumn. 
In spite of these very different experimental conditions, the two 
isodyne maps were similar. 

Although the distribution of the differences in soil resistance 
from place to place remains unaltered, the average absolute values 
differ from year to year. The full reasons for this have still to be 
found. Moisture content has little effect, and laboratory investiga- 
tions show that the changes in the colloidal condition of the clay 
from one season to another, are most likely to be responsible. 
These are, to some extent, under the farmer’s control. Additions 
of farmyard manure or of chalk reduce the drawbar pull consider- 
ably, so much indeed as to effect very appreciable reductions in 
the cost of the operation. Some of our results have been given 
in previous Reports ; recently further investigations of the effect 
of chalk have been made. In these experiments the soil had been 
chalked in 1912 at the rate of 15 tons per acre by the old Hertford- 
shire method. The isodyne map of the field shown in Figure I is 

STACKYARD FIELD R0THAM6TED 
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obtained from the 1925 ploughing results. It will be seen how 
persistent is the advantage, the resistance on the chalked area 
being much below that of the Hanking unchalkcd strips. The 
method is feasible only on soils overlying the chalk, and in any 
case, the first cost is now too heavy. Farmers are therefore more 
and more relying upon purchased lime or ground limestone, both 
of which are applied in much smaller quantities. While these 
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modern dressings correct sourness, it is not known how far they 
help to reduce the labour of cultivation. Experiments will be made 
this year with the aid of grants from some of the associations of 
limestone firms. 

The dynamometer measurements have other applications in 
addition to the uses detailed above. They constitute at present the 
best single value specifying the condition of the soil in the field ; 
no other analytical method yet devised could give such detailed 
data without a prohibitive expenditure of time and energy. 

7Te condition of the soil as reflected by the isodyne maps is 
closely related to the early stages of plant growth. The number 
of wheat plants surviving the winter, and the percentage of 
tillering, are found to be greatest on ihe areas of low drawbar 
pull. The isodync maps do not represent the variations in final 
yields of wheat, however, as the fewer survivors on the heavier 
land have a better chance of development, and may ultimately 
make up in numbers of mature ears what was lost in number 
of plants. On the other hand, the yield of swedes does appear to 
be related to the distribution of the isodyncs. Although this uxirk 
is still in its early stages, and the degree to which the relationships 
are altered by seasonal factors has still to be ascertained the 
results have already been of value in the development at 
Rothamsted of improved methods of plot trials. 

The isodyne maps are not limited to surface cultivation. At 
the request of the Agricultural Department of Reading University, 
a series of dynamometer measurements was obtained with a mole 
plough on a field where the subsoil was known to be irregular in 
composition. From the values it was possible to draw up a com- 
plete map of these variations in the strata at the depth of the mole. 
This information, which is essential for the study of the relation 
between soil type and the duration and efficiency of the mole 
drains, could only have been obtained otherwise in an approximate 
form by laborious and expensive excavations. Experiments on 
Broadbalk field at Rothamsted, which is provided with tile drains, 
have shown that the isjulyne maps are related to the drainage in 
certain conditions. When the ground is saturated, and after the 
drains have been discharging for some time, the rate of flow is 
fastest from the drains passing through the heavier land. This is 
due to the water on the lighter portions of the field soaking away 
into the subsrnl, whereas on the heavier portions this action is 
retarded, and more runs out through the drains. 

Ample confirmation has been obtained of preliminary results 
mentioned in an earlier Report, that soil resistance is not greatly 
increased by increasing the speed of working of the implement. 
The increase in soil resistance is only about 7 per cent, when the 
speed is increased by fiO per cent., and it seems possible by 
modifications in the design of the tractor and implements to hasten 
considerably the work of cultivation, thereby saving money, time 
and much future trouble, especially in difficult seasons. 

Laboratory experiments show that the drawbar pull is not 
a simple quantity, but is made up of a number of factors which 
must be analysed before the field results can be interpreted. Three 
factors have been studied in detail by Dr. Haines : the friction 
hpt’A^een the surface of the implement and the soil, the cohesion of 
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the soil and its plasticity. These are all much affected by water 
content, but in different ways; the cohesion decreases but the 
friction increases as the water increases; the effects just about 
balance, so that . the drawbar pull, the sum of all of them, alters 
but little. 

This analysis is being continued in order to insure a better 
understanding of the field experiments. 

The work on soil cultivation is beginning to afford a physical 
explanation of the “condition” of the land— a term much used 
by farmers. It has also aroused much interest among the imple- 
ment manufacturers, who are endeavouring, through their 
Association, to find part of the necessary funds to ensure the 
continuation and adequate development of this subject at 
Rothamsted. 


GENERAL SOIL PHYSICS. 

Much of the work in the Soil Physics Department is neces* 
sarily concerned with the general development of Soil Physics, the 
science that underlies soil management and explains the air, 
temperature and water relationships of soils. ' 

Many attempts have been made to find means of expressing 
the highly complex water relationships. They appear to be best 
expressed by such properties as cohesion, plasticity and shrinkage, 
which show variations at moisture contents where plant growth is 
satisfactory ; the vapour pressure method that at first sight seems 
more promising, is not so satisfactory since the values are still 
at their maximum when the moisture content is well below the 
minimum for plant life. 

The vapour pressure curves, however, promise to be import- 
ant in soli physics; they sliovv typical hysteresis effects associated 
with colloids, and they are markedly affected by treating the soil 
with agents known to disintegrate the aggregates characteristic 
of good tilth. They are also of use in (he search for a “ single 
value ” measurement for classifying soils — a long sought end — 
to which much attention has been given in the Physics Depart- 
ment. 

Hitherto it has been difficult to decide what property, or 
combination of properties, the single values '' proposed really 
measure. Many of them have been tested on some forty different 
types of soil. The air-dry moisture conterrt, or, more accurately, 
the moisture content at uO per cent, relative humidity, as given 
by the vapour pressure curve, was found to be controlled mainly 
by the percentage of day in the soil; while the sticky point ” 
(the water content of a plastic mass of soil when it first ceases 
to adhere to the fingers) is controlled by the material lost on 
Ignition of the soil, i.e., the organic matter and water of constitu- 
tion in the clay. These discoveries have greatly simplified the 
problem of “ single value classification. 

The cohesion of soil presents an interesting problem. The 
work of Atterberg, in Sweden, appeared to show that, although 
the cohesion decreased with increasing moisture content, the curve 
connecting the values was broken into two distinct portions. 
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Atterberg' considered that soils could be classified by measuring 
the moisture content at which the break occurred. We have not 
been able to reproduce these results at Rothamsted, our curves 
being- always smooth and unbroken within the limits of experi- 
mental error. Dr. Haines has now shown both theoretically and 
experimentally, that the capillary effects of water in the pores 
of a soil block give rise to cohesion values that increase to a 
maximum at the highest moisture content the soil block can hold 
before it becomes disintegrated. This suggests that the two sec- 
tions of Atterberg’s curve may be attributed to two types of 
cohesion, one predominating at high moisture content and due to 
capillary forces, and the other predominating at low moisture 
contents and due to the colloidal nature of the soil. The features 
of these two factors are such that, when combined, a broken curve 
might be expected with certain types of soil. Quantities of the 
colloidal material have been obtained by means of the Super- 
centrifuge in order that its properties and its effects on the soil 
may be studied. 

Dr, Keen has acted as convener of a committee, including 
Professors Comber of I-^eds, Hendrick of Aberdeen and Robinson 
of Bangor, appointed by the Agricultural Education Association 
to investigate methods of mechanical analysis of soil, it being 
now known that the old method used for over twenty years in this 
country is untrustworthy, since it fails to secure complete dis- 
integration of the soil crumbs. After full tests at Rothamsted and 
elsewhere, Professor Robinson’s method has been officially 
adopted, and the more important of the older analyses will now 
be revised. 

A measure of soil tilth has been obtained by studying the 
degree of disintegration secured under standardised laboratory 
conditions on soil brought in from the field. 


Work in the Empire. 

The water relationships of the soil, important as they are in 
British farming, arc of supreme importance for great parts of the 
Empire where low rainfall compels recourse to irrigation for crop 
production. An increasing number of fjroblems is being referml 
to Rothamsted from various regions of the Empire, and agricul- 
tural experts have been sent from India and Africa to study 
methods and problems in our laboratories. 

The Empire Cotton Crowing Corporation has made provision 
for a soil physicist to carry out investigations at Rothamsted. 
Dr. E, M. Crowther, who holds this post, last year studied some 
of the soil problems of the Gezirn, the great irrigated area between 
the White and Blue Niles, for which purpose he worked in the 
laboratories at Wad Medani ffjr the six months, October, 1025, to 
.March, 102fi. (See Paper No. xxxiil, p. 67.) He sueeeeded in 
tracing relationships between early rainfall and crop yields and 
between permeability of the and its fertility, a rapid rate of 
movement of vv^ater being associated with a low salt content and 
high fertility. Some of the problems have been brought back to 
the Rothamsted Laboratories foi further investigation. 
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SOIL MICROBIOLOGY. 

Largfe as are the quantities of artificial fertilisers used in this 
country, the amounts of organic manure, such as farmyard 
manure, animal excretions, green manure, or residues of clover, or 
seeds leys are much greater. It has been estimated that farmers 
of this country make farmyard manure of the value of £U, 000, 000 
a year, to say nothing of the value of the clover and other residues 
ploughed in. 

These materials are not In themselves of use as fertilisers. It 
is only when they have undergone certain changes that they 
become valuable. During the process they may and often do suffei 
serious losses ; it is estimated, for example, that about half tht 
value of the farmyard manure is lost. These changes, both 
beneficial and harmful, are brought about by minute organisms 
living in the soil. 

Soil micro-organisms thus play an important part in soil 
fertility. Among the more important are the following 

1. They decompose tiie residues of plants and animals, con- 
verting them into simpler substances, such as nitrate, potassium, 
calcium, and other compounds tliat serve as plant nutrients, and 
also producing humus, which greatly improves the soil. The 
decomposition of cellulose can be effected both by fungi and 
bacteria. During the past year Dr. Kalnlns has found several 
new bacteria capable of decomposing it aerobically, while Dr. 
Rege has isolated three common soil fungi which, under aerobic 
conditions arc, in combination, as active as the total soil popula- 
tion and far more active than the soil bacteria alone. No 
soil organism, however, either fungus or bacterium, has yet been 
found to decompose lignin, which, on chemical grounds, is now 
regarded as a probable source of humus. 

2. The carbon dioxide produced in the decomposition and 
during the respiration of the organisms, partly remains in the 
soil, dissolving certain soil constituents, and thus influencing the 
supply of mineral substances to the plant; the rest escapes into 
the air, where it contributes to the supply of carbon for the plant. 

Measurements have been begun of the amount thus escaping 
from soils under different manurial treatments. 

3. Certain substances formed in soil and harmful to growing 
plants are decomposed and rendered innocuous by some of the 
organisms. The decomposition of plienol was dealt with in the 
last Report; that of indol, a well-known product of the bacterial 
decomposition of organic matter, has been studied this season. 
Three soil bacteria fomul bv Mr. Gray have the remarkable 
power of converting it into indigo. This reaction does not furnish 
the organisms with all the energy they need, so that some other 
carbon compound has to be present as well. 

4. A few of the soil organisms fix gaseous nitrogen from the 
air, converting it into protein, which is readily broken down to 
ammonia, and appears ultimately as nitrate. 

5. Most of them, however, obtain their nitrogen from 
nitrogenous compounds in the soil. Many assimilate nitrate, thus 
competing with and injuring the plant in spring and early summer. 
In late autumn and winter, however, the plant does not suffer and 
the soil gains because the nitrate which they take is converted into 
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protein, and thus protected from being" washed out from the soil ; 
in the following spring the protein decomposes with formation of 
nitrate once more. 

The organisms most directly concerned are bacteria which 
bring about all these changes, and fungi and algae which effect 
some of them. Of the protozoa, the amoebae, some of the flagellates 
and, so far as they are active, the ciliates, are indirectly import- 
ant because they keep down the numbers of bacteria. The action 
of the rest of the flagellates, which occur in large numbers, is 
unknown, but all the protozoa, like the fungi, algae, and bacteria, 
lock up in their bodies nitrogen compounds which, if not so held, 
might decompose and be lost from the soil. 

The study of soil micro-organisms has for many years been 
one of the characteristic features of the Kothamsted investigations 
and post-graduate students come from all parts of the world to 
take part in the work. 

It has been shown that the common bacteria, protozoa, algae 
and fungi, are widely distributed, occurring in the soils of widely 
separated regions, there being apparently less variation in the soil 
population than in the surface flora or fauna. The numbers of the 
bacteria* and the protozoa in field soils can be estimated; they are 
very great, but not steady ; they fluctuate continuously, and the 
fluctuations on adjoining plots of land are similar, though they 
are not obviously related to changes in soli moisture and 
temperature. The numbers of bacteria and active amoebte, how- 
ever, change in opposite directions; when the active amoeba? 
increase the bacteria decrease and vice versa; this happens 
both in the field and in laboratory tests wlicre sterile soils are 
innoculated with various groups of organisms. While the 
protozoa reduce the numbers of bacteria it is not yet clear how 
they affect the cliangcs produced in the soil. This year’s work 
by Mr. Cutler and Miss Crump suggests that amoeba?, the 
flagellate Cercomonas crassicauda, diminish the evolution of 
carbon dioxide from soil and hinder the decomposition of 
added organic matter (e.g., sugar), which suggests that they 
may decrease the amount of decomposition of plant and animal 
residues, though the action is not entirely simple. Dr. Skinner 
confirmed these observations, using soils partially sterilised by 
heat, and showed also a decrease in ammonia production. But 
protozoa increase the amount of nitrogen fixed by Azotobacter, an 
apparent anomaly which Mr. Cutler explains as the result of the 
amoebae feeding on the Azotobacter, and so conserving in their 
bodies much of the nitrogen already fixed and also maintaining 
a high efficiency of fixation by keeping the cultures young. This 
reaction does not stand by itself, since the nitrogen fixing organ- 
isms appear generally to work better in company than alone. 

Mr. Sandon’s systematic examination of the soil protozoa has 
revealed about 250 different forms ; a description and key to their 
classification has been prepared. (Sec p. 88.) Most of tlicsc 
are also found in other habitats, but 18 of them, 8 flagellates and 10 
amcebae, have so far been found only in soil. 


*Not the total numbers, for no medium allows the development of all the 
bacteria present in soil. The estimates are, however, comparable with one 
another. 
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The soil algae are studied by Dr, B. M. Bristol Roach. Those 
which are on the surface in full light obtain their energy and their 
food from sunlight and carbon dioxide like other green plants ; 
they add to the stock of organic matter in soil. Those which are 
buried in the soil and so cut off from the light, do not die; 
they continue to live vegela lively and to multiply slowly, deriving 
energy and food from the soluble organic substances present there. 
In intermediate light conditions they can live both saprophytically 
and photosynthetically. In all conditions they probably assimilate 
nitrate. 

The soil fungi are difficult to study and no quantitative 
methods have yet been devised for estimating the amount of their 
mycelium in the soil or the numbers of individuals ” present, so 
that these may be compared with protozoa or bacteria. Mycelium 
often occurs, particularly in humus soils, in such quantity as to be 
visible to the naked eye, and obviously to form a significant part 
of the soil structure. During the last two years Dr, Brierley has 
worked out quantitative methods which give results capable under 
proper conditions, of being repeated. The technique was analysed 
into its constituent factors such as : (1) Sampling ; (2) Suspension ; 
(3) Disintegration; (4) Dilution; (13) Plating; (6) Incubation; (7) 
Counting; and as many as possible of these were standardized. 
The method finally evolved has been tested by studying the lateral 
and vertical distribution of fungi in soils of different character. 
It records only such fungi as can grow under the conditions 
provided and, in any single experiment, this is only a small pro- 
portion of those present. Even so, the numbers obtained are 
enormous, but, even in soils under such uniform treatment as the 
Broadbalk plots, their lateral distribution is very unequal, a sample 
sometimes containing two or three times the number found in 
another sample taken from a few yards away. Fungi occur in 
greatest numbers in the top 1 — 8 inches, they are still plentiful at 
12 — 18 inches, and even in heavy yellow clay have been found 
at a depth of 6 feet. 

Certain soil fungi studied by Dr. Rege rapidly decompose 
cellulosic materials and, under certain conditions, species of 
Coprimis, Aspergillus and Acremoniella decompose straw as 
rapidly as the whole soil population, and far more rapidly than 
the soil bacteria alone. Fungi play an important part in sell 
changes, decomposing plant remains and producing humus, and 
locking up nitrogen in the form of protein. The exact nature 
and extent of these changes is still to be explored. 

In addition to the above actions, which affect the dead plant- 
residues in the soil, there are others directly affecting the living 
plants. Many soil fungi live in active beneficial relation to higher 
plants, penetrating their tissues and living symbiotically as 
mycorrhiza. On the other hand the soil is a reservoir of vast 
numbers of fungi causing disease and death of crop-plants; of 
these the fungus causing wart disease in potatoes is being studied 
in detail. Methods tp reduce the ill etfccts produced by these 
organisms have been devised and are being tested. 

Hitherto, investigators in soil microbiology have been greatly 
handicapped by their inability to sterilise soil without altering 
it chemically and physically. Dr. McLennan has, however, devised 
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a method of drying in vacuOf which almost, or completely elimin- 
ates living fungi and bacteria, but leaves the soil otherwise un- 
changed. This is likely to prove of great assistance for future 
workers. 


APPLICATIONS OF SOIL MICROBIOLOGY. 

Soil microbiology has already found application in five 
practical problems : — 

L The inoculation of lucerne and other leguminous crops. 

2. The partial sterilisation of glasshouse soils. 

3. The fermentation of cellulosic materials with production of 

a humus manure closely resembling farmyard manure. 

4. Overcoming some of the difficulties connected with the 

preparation of a useful manure from sewage : one of the 
great unsolved problems of modern civilisation. 

5. In the United States the use of sulphur to make a neutral 

or alkaline soil sufficiently acid to be unsuitable for the 
development of potato scab {Actinomyces scabies), and 
to render mineral phosphates soluble. 

We shall deal with the first four of these in detail. 

Inoculation of Lucerne and other Leguminous Crops. 

Reference has already been made to the fact that arable 
husbandry produces the larger output per acre and is therefore 
the better for the country, while grass husbandry, involving much 
less expenditure, offers greater possibilities of making some profit 
and is therefore the safer course for the farmer. The lucerne crop 
combines the advantages of both systems, giving high output per 
acre, and at the same time low costs and some hope of profit. It 
has therefore been the subject of many of our experiments. 

Although it was introduced into England nearly 300 years 
ago, at the same time as the culture of red clover was being advo- 
cated, it did not spread beyond a small area in the east; elsewhere 
it was hardly grown. One important reason for this is that the 
necessary organism does not occur naturally in our soils while 
that for red clover does. Mr. Thornton has worked out a method, 
based on certain continental experiences and some Rothamsted 
bacteriological investigations, whereby the necessary organisms 
can be added with the seed ; this has been tested during the last 
two years at about 50 centres in Great Britain, tlie necessary funds 
being provided by a grant from the Royal Agricultural Society. 

The results fall into two groups ; (a) those from the counties 
where lucerne has been grown so long that the soil has become 
infected with the proper organism ; (b) those from centres where 
lucerne is rarely grown and the organism is not present in the 
soil. 

In the area where lucerne is an old-established crop, ibc 
young plants commonly obtain sufficient nodules for their needs 
from the “wild” bacteria already present. Inoculation may 
hasten the appearance of the nodules, because the wild bacteria 
may be some distance away from the rootlets, but this is of little 
advantage where there is sufficient nitrogenous plant food in the 
soil for the young plants. But if the land be weedy or a cover 
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crop be sown, the soil nitrog-enous compounds may be used up, 
causing' the lucerne to be dependent on its nodules at an earlier 
ag^e; inoculation then is beneficial. This is illustrated by the 
trial at Oaklands, St. Albans, where inoculation produced a slight 
and temporary benefit with lucerne sown on bare soil, but saved 
the crop from ,a serious check where it was sown under a cover 
crop. 

In districts where the bacteria are not naturally present, 
Inoculation is almost always beneficial and often necessary. 
The effect depends very much on the amount of nitrogen present 
in the soil; if this is considerable, the plant grows without the 
organism as fully as other conditions permit, though, of course, it 
is obtaining its nitrogen from the soil. In this case inoculation 
may show no effect in the first year till after the first cut has been 
taken. On the other hand, soils containing but little available 
nitrogen, show an early response to inoculation. There is 
always an increase in the quantity of nitrogen contained in the 
crop per acre; this may be accompanied by a larger weight of 
crop, or more commonly by an increase both in weight of crop 
and in percentage of nitrogen. Thus the benefit of inoculation is 
two-fold, increasing both the yield and the quality of the crop. 
The advantage cannot always be judged by eye ; for the crops may 
look alike, yet the Inoculated one may have the richer feeding 
value. Some typical results obtained in our trials are shown in 
the following table : — 


Experimenter. 

Yield of Lurenic in cwts. 
per acre. 

Percent a Ere of Nitrogen 
in tops. 


tnocu- ! 
la ted. ! 

l. n- 

trcalod. i 

Diin-r^ : 

cme. 

latcd. 

in- 

treated. 

Ljflci- 

ence. 

R( marks. 

Lord Clinton, ; 
Devon. 

53.0 i 

33.0 

20,0 ' 

3.58 

3.35 

0.23 

Yield in- 
creased. 

Mr. J. Sheaf. 
Glos. 

21.7 

7.S 

5 13.9 

3.61 

2.62 

0.99 

Yield and 
percentage 
of nitrogen 
increased. 

Col. Meynell, ' 
Staffs. 

14.5 

14.3 

■ 0.2 

3,U‘J ‘ 

2.1 

1.01 

Percentage 
of nitrogen 
increased. 


Considerable practical difficulty has arisen from the tendency 
of the lucerne crop to become weedy in its first year, for wffien 
young it is more sensitive than most farm crops to competition 
from other plants. Difficulties have also arisen in connection with 
varieties : the Provence varieties commonly grown, not being 
hardy in the north of England. These subjects arc being studied; 
much information has been collected in the publication described 
on p. 1 1. 

Supply of Cultures. — A demand has already arisen among 
farmers for cultures for lucerne, and some 900 have been supplied 
during the past season. This commercial work, however, is not 
the province of an experimental station, which has neither the staff 
nor the equipment for the purpose. It is hoped that in the near 
future arrangements may be completed whereby farmers can obtain 
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guaranteed cultures issued under adequately controlled conditions 
without diverting the scientific staff from their proper function of 
carrying out research work. 


Partial Sterilisation. 

The practice of partially sterilising soil by steam or anti- 
septics, advocated as a result of investigations at Rothamsted 
some years ago, is now extensively used in the glasshouse tomato 
and cucumber growing industry, and has played an important part 
in raising yields to the levels commonly attained to-day. “ Sick ” 
soils, such as those previously dealt with, are now rare : before 
this stage is reached, the soil is steamed or treated with carbolic 
acid. They can still be found, however : one studied in 1925 by 
the Lea Valley Research Station, yielded only 28 tons per acre : 
a portion that was steamed, yielded 50 tons per acre, while a part 
treated with carbolic acid yielded 43 tons per acre. The practical 
problem has now shifted and sterilisation is adopted rather as a 
preventive than as a cure. 

Unfortunately, steaming is costly and the carbolic acid treat- 
ment, while cheaper, is rarely as effective. Search has, therefore, 
been made for more potent chemicals. A heavy oil produed as a 
by-product from the Mond Gas process was better, giving 6.25 lb. 
per plant, when applied at only half the usual rate, as against 
only 5.5 Ib. for the full carbolic treatment, and 5.25 on the un- 
treated soil : Steam, however, raised the yield to 7 lb. per plant. 
This particular oil is not easy to apply, and persists long in the 
soil. In another nursery it was less cflective : the untreated plots 
yielding 4.8 Ib., while the oil gave 5.4 lb., and the carbolic acid 
4.3 Ib. per plant. 

Two organic substances, possible intermediates in the dye 
industry^ have been studied; chlor-di-nitrobcnzene and 3.5 dinitro- 
o-cresol : the former was more effective than carbolic acid even 
when used in only one-seventh the amount (0.02 per cent, of the 
weight of the soil instead of 0.15 per cent.), giving an additional 
2 tons of tomatoes per acre, as against 1 ton given by carbolic. 
In these trials the soil was initially good, the yields on the control 
plots being 44 tons per acre, beyond which it is difficult to go. 

In view of the change in the nature of the practical problem, 
the scientific investigation has been reopened jointly by the 
Insecticides and Microbiological Departments. 


Pkouuction oi? .Manure from Waste Cellulose Materials, 
Straw, Etc. 

This process was worked out at Rothamsted by Dr. H. 
Hutchinson and Mr. E. H. Richards in 1920, and has been steadily 
improved. The exploitation, being unsuitable for an experiment 
station, is carried out by the non-profit-making syndicate, Aden. 
The process is now at work in over 30 countries, and thousands 
of tons of material are treated each year. 

The scientific work is being continued in these laboratories. 
The decomposition proceeds when sufficient moisture and nitrogen- 
ous and other nutrients are present, but different waste substances 
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behave very differently under the same conditions. Dr. Rege finds 
that two factors determine whether a given waste material will 
decompose quickly to make a good manure : the amount of food 
or energy material (usually pentosans), this being beneficial, and 
the amount of lignin, which is detrimental. The relatively high 
proportion of lignin to pentosan accounts for the unsuitability of 
certain substances for conversion into manure, but it also suggests 
that they might become suitable if mixed with other waste 
material rich in pentosans. 

Certain species of thermophilic fungi appear to be the chief 
agents affecting the decomposition. Dr. Rege has shown that 
strains of Coprinus sp. {fnuefarius?)^ Aspergillus sp. {(nmigntiis?) 
and Acremoniella sp, (velutithi'^), all common soil forms, can act at 
temperatures exceeding 50°C, a degree of heat not Infrequently 
attained in manure heaps. Thermophilic bacteria are known, but 
so far as is ascertained at present, the bacterial decomposition of 
cellulose does not rest at the humus stage, but runs right down 
to the final products, carbon dioxide and water. 

Microbiologv and Treatment or Sewage and other 
Effluents. 

It has long been a reproach to science that, of the 230,000 
tons of nitrogen consumed annually by the inhabitants of these 
islands in their food, only a small part ever returns to the land, 
the rest being lost or dissipated at great expense. Various sewage 
sludges have from lime to lime been tested at Rothamsted, but 
the only one of promise as a fertiliser (we express no opinion as 
to any other property), is llic Activated Sludge, made by blowing 
air through the sewage. This contains, when dry, some 6 per 
cent, of nitrogen in an easily available form, and is worth on the 
farm up to per ton. Since ordinary sludges contain only 1 
or 2 per cent., it was at first thought that the ridmess of activated 
sludge was the result of some fixation of gaseous nitrogen, but 
experiments at Rothamsted (lfi2E22 Report, p. .“;0) showed that it 
came from a better recovorv in the sludge of the nitrogen of the 
sewage, the proportion being IT) per cent, or more (rising in 
favourable conditions to 27 per cent.), as compared with 10 per 
cent, by precipitation and 4 per cent, by septic tank methods. 
Further work has shown that this liiglier efiiclency of recovery 
is due to a great absorption of ammonia from the sewage. 

This absorption is large! y due to microorganisms, Avhich 
assimilate the ammonia and convert it into protein and protoplasm. 
Bacteria and protozoa both lake part, the bacteria assimilating 
the ammonia and the protozoa assimilating the bacteria; finally, 
the protozoa are entangled in the sludge and, when dry and dead, 
contribute largely to its fertilising value. Tlie smooth w’orking 
of the process depends on maintaining tin* proper balance between 
the numbers of protozoa and bacteria. A remarkable instance of 
lailure at one large town studied this year was traced to the intro- 
duction of yeast from a brewery into the effluent; this yeast had 
stimulated the development of the protozoa, which, in turn, had 
reduced the bacterial population so much that they could not 
adequately purify the sewage. As soon as the discharge of yeast 
was stopped, more active purification was resumed. 
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An even more efficient absorption of the nitrogen from the 
sewage can be obtained by allowing the effluent to flow over straw' 
or similar material, which furnishes the bacteria with energy 
material, causing them to multiply rapidly and assimilate large 
quantities of nitrogen from the sewage. 

These relationships between the nitrogenous and the non- 
nitrogenous constituents and between the bacteria and the 
protozoa, furnished the key to some of the difficulties in dealing 
with sewage and other effluents. 


LOSSES OF CROPS BY DISEASES AND PESTS. 

The loss caused to fruit growers, farmers and market garden- 
ers, by insect, bacterial and fungus pests, is far greater than is 
usually realised. No precise estimate is possible, but experts of 
standing consider that it can hardly be less than 10 per cent, of the 
cropj in money terms, some £16,000,000 per annum. The trouble 
is likely to grow worse ; improved communications tend to carry 
plant diseases all over the wx)rld, and no method is certain to 
keep them out from any country. 

In order that permanently satisfactory methods of treatment 
may be devised, it is very desirable to know fully the life history 
of the fungi and insects concerned and the physiological relation- 
ships between the disease-causing organism and the host plant; 
also to have detailed information about : — 

1. The effect of cultivation and manuring on the suscepti- 

bility of the crop to disease; 

2. The factors determining tiic rate of increase and of de- 

crease of insect, fungus or bacterial populations ; 

3. Methods of direct action, such as poisoning, and w'here 

piacticahie, trapping, on the organisms causing disease. 

This fundamental information is being obtained, and it is 
being applied to the control of insect and fungus pests by : — 

1. Alterations in time of sowing, methods of cultivation, or 

manuring ; 

2. Breaking the life cycle of the organisms in some way (as 

by the suppression of weeds or other plants that act as 

hosts), or, in the case of insects, taking advantage of the 

natural enemies, parasites, etc., that prey upon them; 

3. Discovering new insecticides or fungicides that will not 

injure the crop, but will kill or severely check the pest. 

. In addition attempts are made to avoid the difficulty alto- 
gether by : — 

4. Finding some variety of crop plant immune from the 

disease. 

Of these, the first and fourth are the simplest for the farm, 
though direct action is sometimes possible, as, for example, the 
use of the fungicide Bordeaux Mixture for potato blight, and 
various traps for insect pests, like the flea beetle. 

Modifications in methods of culture lo avoid pests and diseases 
are already familiar to farmers, c.g., the late sowing of turnips 
on light land to avoid mildew, though it often causes the crop to 
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suffer from drought by delaying root development. Examples 
recently tested at Rothamsted include the autumn sowing of beans 
to avoid black aphis, and the earlier ripening of barley, brought 
about by earlier sowing and modifications in manuring, to avoid 
gout fly. This is probably In most seasons the simplest way of 
dealing with insect and fungus pests on the farm. Dr. Davidson 
has studied the relationship between the manuring of broad beans 
and their liability to aphis attack, while in the new glass houses 
Dr. Brierley will investigate the way in which controlled nutrition 
of the plant alters its liability to fungus diseases. 

No method of dealing with diseases and pests can, however, 
be entirely satisfactory until more is known of the conditions 
favouring the growth, dispersion, or migration of insect and 
fungus populations, and the conditions under which the intrinsic 
power of the organisms to cause disease becomes increased or 
decreased. At present great outbreaks can occur of which farmers 
or fruit grower^ had no warning, and yet there must have been 
factors at wxirk causing the excessive multiplication of one out 
of the many forms of life in the field. ♦ 

Kor some years past Dr. Davidson has been studying this 
problem of multiplication and dispersion, using the Bean Aphis 
as his material During the summer period temperature and the 
physiological condition of the plant profoundly affect the rate of 
increase of the aphids. At a mean temperature of 70®F. 
individual aphids took about eight days to reach maturity 
and start reproducing : at o<S®F. (mean) they took about 
14 days, and at 55® F. (mean) about 20 days. On beans 
infected in June, after tlie setting of the pods, the increase 
in the number of aphids was 50 per cent, less than on plants six 
weeks younger, which were more succulent and had not reached 
the flowering stage. The advantage of autumn sowing is that 
the plants are well advanced before the winged aphids begin to 
migrate from the winter host to the beans. 

The method of reproduction of the insect is affected by the 
external conditions. In nature the course of reproduction is for 
the mothers to hatch out from the eggs in March and give rise to 
a long succession of parthenogenetic generations. About October 
sexual forms appear for the first time, eggs are laid and partlieno- 
genetic reproduction cea.ses. If, however, the temperature be 
maintained (as under glass house conditions), parthenogenetic 
viviparous reproduction goes on throughout winter, as well as the 
development of sexual individuals. At temperatures above about 
70®F., the reproduction of the parthenogenetic forms markedly 
increases, but sexual forms occur more irregularly ; the latter are 
mostly females, though manv of their progenitors, the winged 
forms, die without reproducing. Very few males are produced, 
so that the normal sexual reproduction by the laying of fertilised 
eggs does not take place. 

The sexual method of reproduction seems also to be 
associated with the normal winter host, which is a hard, woody 
plant. Sexual females not only develop much more readily on the 
spindle tree (the winter host) than on the beans, but in the cages 
they lay their eggs on the canes supporting the muslin cover rather 
than on the bean plant. 
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Two other aphids have also been studied. The life cycle of 
the hop damson aphis has been traced from the hatching- of the 
winter eggs in spring on damson trees to the appearance of the 
sexual forms in autumn. Winged migrants developed on damson 
and bullace in May. Some were transferred to hops, on which 
they produced generations of wingless forms until September, and 
then winged males and remigrants (sexual female producers). 
Those that had been kept on the damson and bullace reproduced 
so freely that they killed all the leaves. 

Three species of bulb aphids were found on tulip and iris 
bulbs received from store houses at Covent Garden, in November, 
1D25. Aniitapkis tuUpce was the most important. They repro> 
duced rapidly on the dormant bulbs and spread up the flowering 
spikes of the growing bulbs, destroying them or stunting the 
flowers. Many winged forms were found but no sexual forms. 
The fact that winged males but not sexual females occur on tulip 
bulbs in autumn, indicates that the sexua] phase is completed on 
another plant, used as a winter host. 

Considering the multitude of pests with which our crops are 
beset, it is not easy to understand why any plant should ever 
survive. There must be natural agents preventing multiplication 
of insects in this country, and one possibility, which is being 
studied in the entomological laboratories, is that this natural 
control is effected by parasites of the insect pests themselves on 
the ancient principle that : “ The little fleas have lesser fleas, and 
so ad infimtuin." There is reason to suppose that, if the parasites 
could be sLifliciently encouraged, they would keep dowm the insect 
pests to manageable proportions. The possibilities are attractive, 
but the difficulties are considerable. 

The sugar planters of Hawaii have had the courage to try 
the method. Dr. Imms visited the islands in 1925 to learn at 
first hand how it was answering in practice : he was favourably 
impressed. Authorities in New Zealand are also adopting this 
method in their efforts to get rid of earwigs, which have become 
a serious pest. Rothamsted has been asked to find parasites of the 
earwig and breed quantities h)r shipment out there. Puparia of 
the Tachinid parasite, Digonochccta setipenuis, have accordingly 
been collected nr reared, and sent out ; the results will afford 
v^aluable experience for other parts of the Kmpire. Parasites 
of other pests are also being bred. 

The converse pnjblcm is also attacked, from an entirely 
different point of view, also for the New Zealand Government, 
Oorse has become a serious pest, and all efforts to keep it in check 
have failed. A W'eevil, Apion ulicis, has been shown by Dr. Jmms 
to destroy .some 40 to 80 per cent, of the seeds on gorse shoots 
.selected at randt>m ; some 3,000 were collected and shipped to 
New Zealand, where the feasibility of liberating them on to the 
gorsc-infested regions will be tested. At the request of the ento- 
mologist to the Hawaiian Sugar Planters’ Association, Dr. Imms 
has also transmitted a consignment of this same insect to 
Honolulu, with a view to attempting the control of gorse on the 
island of Maui. Arrangements have been concluded for collecting, 
breeding, studying, and shipping to New Zealand quantities of 
the insect, Cora^hus rubi, to destroy the brambles which threaten 
to become so serious a pest there. 
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Once an insect attack has beg-un, methods of direct action 
must be used to cope with it. Two types are in common use, 
trapping' or catching by some mechanical or chemical means, and 
poisoning by insecticides. Trapping was successfully used against 
Bourletiella hortensis, a species of Collsmbola, which was found 
in 1926 to be injuring seedling mangolds on our farm. Laboratory 
studies by Mr. Davies having shown the dependence of these 
insects upon humidity, the trapping has to be carried out early 
in the morning in dry weather, when the leaves are wet with dew. 
Later in the day the insects leave the plants for the moister soil. 

INSECTICIDES. 

Two kinds of insecticides are used : stomach and contact. The 
former are intended to poison the food of the insects and are 
sprayed on the leaves which they will eat. The latter arc brought 
into contact with their systems in some other way, either as 
vapours, poisonous spray-fluids, or dusts. 

The search for soil insecticides, using the wire worm as the 
test insect, revealed a number of interesting compounds, among 
them naphthalene, but was checked by the difficulty that these 
compounds, though poisonous to the wireworms, serve as food 
for some of the soil organisms, and are consumed when put into 
the ground. No way round this difficulty has yet been found. 

The work on spray insecticides has been more extensive. 
There are two kinds ; — 

1. Those used in winter, which must be strong enough to kill 

the eggs; fortunately, the trees are dormant, so that 
fairly potent materials can be used. 

2. Those used in summer against the active stages of insects, 

some of which, sucli as the aphids^ are easily killed. 
But the trees, being now In leaf, are sensitive to injury, 
and only those substances are useful which are fatal to 
the insect and harmless to the tree. 

Certain vegetable products completely satisfy this require- 
ment. Nicotine is the best known, but it is expensive. Mr. 
Tattersfield and Mr. Giminghnm have found other vegetable pro- 
ducts at least as effective, especially certain tropical leguminous 
plants, used by the natives as fish poisons. Derr is elliptic a, the 
Tuba root of Malay, and Haiari, from British Guiana, have 
yielded a poisonous resin and a colourless, crystalline substance, 
Tubatoxin, which is excessively poisonous to insects. Other 
tropical plants, Tephrosia rogelii, T, ioxicaria^ and T. inacropoda, 
are also highly toxic to insects, hut their poisonous principles 
have not yet been fully identified. 

Many synthetic chemical substances have been investigated, 
their advantage being that they can be prepared in a pure state 
under rigidly standardised conditions. They are studied in their 
proper chemical series, without regard to whether they are 
yet on the market, the purpose being to draw up a specification 
showing the types of compound required, to which a technical 
chemist could work. 

The hydrocarbons increase in toxicity with increavsing 
uiolecular w-^ight up to the point where certain physical properties 
nre so modified that the substance cannot affect the insect. In the 
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aromatic series of hydrocarbons, the maximum toxicity is attained 
with naphthalene. 

Substitution of the hydrog^en atoms by various other atoms 
or groups, increases toxicity up to a certain point, but not beyond. 
For the hydroxy] group the maximum is at one, for the nitro 
group at two, and for chlorine at three atoms. These chlor deriva- 
tives are antesthetics, putting the insects into a “ moribund ” 
state from which, however, they recover. There is also a position 
factor, but this varies with the type of compound ; ortho-dichlor 
benzene, is more toxic than para, but paranitrophenol is some- 
what more toxic than the corresponding ortho derivative. 
Dichlornitrobenzene is rather less toxic than chlordinitrobenzene. 

The methyl group increases the toxicity when it replaces 
hydrogen in the ring ; xylene is more toxic than toluene and 
toluene than benzene. But it decreases toxicity when replacing 
hydrogen in the OH group; the methoxy group is less toxic than 
the hydroxy group. The toxicity, however, increases with the 
number of methoxy groups introduced, so that trimethoxy-benzene 
(1, 2, 3), is more toxic than phenol, and much more so than 
pyrogallol. 

rhe effect of intnKlucing nitro groups into the hydroxy 
derivative depends very much on the number added. The first 
group has little effect ; nitrophenol is not much more toxic than 
pjicnol. A second group greatly increases this toxicity, 2-4- and 
2-6- dinitrophenol and 3-5-dinitro-ortho-cresol are highly toxic 
both to insects and to eggs; again, however, position comes in; 
neither 2-5-dinitrophenol, nor 3-5-dinitro-para-cresol being so 
effective. The maximum is reached with two groups, and the 
trinitro compounds are less toxic. 

The amino group is distinctly toxic, and the imino group even 
more so; diphenylamine, and dibenzylamine being more toxic 
than the mono- or tri- derivatives. Nicotine has been closely 
studied. The units of which it is formed, pyridine and pyrrol, 
are only feebly toxic; hydrogenation increases toxicity but not 
to the level of nicotine. 

The fatty acids increase in toxicity with increasing molecular 
weight up to undecylic acid ; dodecylic and tri-decylic acids are 
less toxic; while mvristic and higher acids are non-toxic. Some 
of these acids and their salts are promising as summer washes, 
and they arc being further studied. 

Altliough the work was begun only comparatively recently, 
it has harl important practical results. Derris, Tephrosia, and 
Haiarl, all obtainable from tropical parts of the Empire, are 
effective as summer washes, while a promising' winter wash 
has been found in .3-,5'dinitro-ortbo-crcsol which, even at the 
low concentration of 0.15 to 0.25 per cent., and whether free 
or as sodium salt, completely controlled bad Infestations of hop 
damson aphis on plums and of currant aphis on black currants, 
while on appic.s it practically eliminated psylla and aphids, and 
greatly reduced winter moth; no damage was done to the trees. 

The only fungicide studied extensively has been sulphur, for 
use in the soil. Its actirm is erratic; it is sometimes effective, but 
not always ; possibly the active agent is not the sulphur itself, but 
some compound formed in the soil. The subject is being further 
examined by Mr. Roach. 
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RESISTANCE AND IMMUNITY OF PLANTS TO FUNGUS 
DISEASE, 

Fungus diseases are being studied by Dn Brieriey and his 
staiT in a somewhat different manner. The easiest way of dealing 
with them is, where practicable, to avoid their attack by growing 
immune or resistant varieties. The discovery of potatoes immune 
to Wart Disease largely solved the practical problem in the great 
potato growing districts. Much attention has been devoted by 
Miss Glynne to the study of this immunity. Apparently it does 
not arise from any power to keep out the fungus, for she has 
succeeded in inoculating the fungus into shoots of immune tubers, 
where it continued living to the stage of the summer sporangia, 
but, up to the present, it has developed no further. Apparently, 
therefore, the immunity arises from tlie unsuitability of the tubers 
for the continued growth and multiplication of the fungus. 

Further, the immunity seems to be inherent in the tissue 
itself ; it is not conferred by some chemical agent produced in the 
leaf and sent down to the tuber. Mr. Roach has grafted immune 
tops on to some susceptible roots ; the new plants grew and 
developed tubers. Those produced below the graft remained 
susceptible, while those above the graft were, immune, yet both 
were fed by the same leaves. Conversely, the grafting ol susceptible 
tops on to immune roots gave rise to mixed plants, the tops of 
which remained susceptible, while the roots remained immune. 

Furthermore, many if not most of the common parasitic 
fungi consist of a greater or lesser number of distinct strains 
which, although often looking alike, have different powers of 
causing disease. Each strain has its own geographical or climatic 
distribution, although these often overlap or coincide, and each 
strain can cause disease in particular varieties, or ranges of 
varieties, of host plants. The field problem of disease is, in fact, 
rapidly being understood ns the relation betw^een particular 
varieties of crop-plant and particular strains of parasitic fungi, 
and this is throwing much light on the relative immunity of 
varieties to certain diseases in particular areas and their sucepti- 
bility in other areas or under otiicr conditions. This knowledge 
lias already proved of importance in the control of rust diseases 
of cereal crops. 

Dr. Brierley has been studying this problem in the highly 
variable fungus, Hofrytis cinerea, which is very destructive on 
many different kinds of crop and glass-house plants. The apparent 
variability has been traced to the many constant and closely allied 
strains of the fungus, very similar morphologically, but differing 
widely in their physiological properties. There is evidence, 
which will be tested, that each strain has its particular 
range of host-plants, on which it can produce di.seasc. 
One strain suddenly gave rise to colourless, instead of black 
sclerotia, and this new form remained constant for over 1,000 
generations. This type of change is not infrequent in particular 
strains of many species of fungi, and occurs not only in pigment 
formation, but in structure, and much more importantly, in physio- 
logical and parasitic qualities. There is, thus, always the possi- 
bility that a particular strain of fungus may change, and so 
diminish or extend its power of producing disease in crop-plants. 

D 
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As this problem of fungus-strains seems of great importance, 
much attention has been devoted to it. 

Dr. Chodat investigated from this point of view a saprophytic 
fungus, Aspergillus ochraceus, and a tomato parasite, Phoma 
olternariacearum, and observed remarkable genetic changes in 
pedigree strains. His results are set out on p. 76. 

Mr. Dickinson has studied the covered smuts of Oats and 
Barley, both very destructive fungi. The black bunt or dust of 
these tungi consists of microscopic spores, about 1/2600 inch 
diameter, and each of these gives rise to four very much smaller 
sporidia. By means of his “ Isolator,” Mr. Dickinson can, with 
certainty and at will, isolate single sporidia, which are then grown 
in pure culture, until they form colonies an inch or more in 
diameter. The sporidia and their subsequent colonies are of one 
or other of two genders (” sex ”), and fusion has been found to 
occur between them. The microscopic structure and physiology 
of the pure strains derived from single sporidia of both Ustilago 
hordei and U. levis, and of the fusion products when different 
genders of the one fungus or one gender of one fungus and the 
other gender of the other fungus combine, have been studied in 
detail. Neither gender by itself appears to cause disease : only 
when both genders are present is the plant attacked. The para- 
sitic qualities of these strains will be further investigated and 
special attention paid to genetic changes. 


VIRUS DISEASES OF PLANTS 

Perhaps the most obscure of all plant diseases are those 
studied by Dr. Henderson Smith, grouped under the name, Virus 
diseases, including Mosaic, leaf curl, etc. They are spreading, 
and they cannot as yet be prevented or cured. They are very 
easily transmitted fiom one plant to another, not only of the 
same kind, but, in some instances, of different kinds. They can 
be transmitted by contact, by insects, and in other simple ways. 
Their cause is unknown. Many organisms have been isolated from 
diseased plants, but, so far, none that produces the disease, nor 
can any casual agent yet be cultivated outside the plant. 

There is reason to believe that several distinct types of these 
diseases, due presumably to different viruses, occur in nature. 
They may exist singly, or in combination in one plant, either 
producing symptoms or not; thus potato mosaic and tomato 
aucuba mosaic both affect tomatoes, giving characteristic symp- 
toms, but the two togetlier produce the harmful stripe disease. 
Owing to much preliminary work done by Dr. Henderson Smith 
on these problems, more searching investigation has become 
pps.sible. 


BKE INVESTIGATIONS. 

Bees are studied at Rothamsted as honey producers ; their 
diseases are investigated at Aberdeen. 

Mr. Morland has been engaged on two problems of import- 
ance to beekeepers in tins country : the possibility of using metal 
combs and the best way of arranging the frames in the hives 



The first of these problems has been solved. Metal combs 
are unsuited in English conditions for the W. B, C. type of hive* 
owing to the bees overwintering badly. Their use also necessi- 
tated a considerably heavier insulation of the hives than is 
customary. 

The second problem is more difficult and has not yet been 
solved. The frames may be arranged parallel with the front of 
the hive, the so-called " warm way,” or at right angles to it, the 
“ cold way it is not yet decided which is the better. 

Mr. Morland visited Eastern Canada and the United States 
during the months March to June, 1926, in order to study the 
methods of bee management successfully adopted there ; he spent 
considerable time with the staff of the Bee Culture Laboratory 
at Washington, D.C., and with Professor Phillips, of Cornell 
University, to all of whom we owe a debt of gratitude for their 
courtesy to him. 


Ihe hive designed by Mr, \V. Broiigliion C.irr, 
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METEOROLOGICAL OBSERVATIONS. 


Meteorological observations have been systematically made at 
Rothamsted for many years. The deviation of sunshine, mean air 
temperature and rainfall from their average monthly values is shown 
in Figs. I and II for the season 1924-25, and 1925-26 respectively, 
an excess being recorded above the horizontal line and a deficiency 
below. 

The records now taken at Rothamsted are as follows 
Continuous self^registering records oj : — 

Barometric pressure. (Negretti and Zambra barograph.) 

Radiation. (Callcndar recorder.) 

Sunshine. (Campbell Stokes recorder.) 

Wind direction and velocity. (Negretti and Zambra anemo- 
biagraph.) 

Rainfall. (Negretti and Zambra hyetograph.) 

Drainage through 20 inch, 40 inch and GO inch gauges. 
(Negretti and Zambra special design.) 

Air temperature. (Negretti and Zambra thermograph.) 

Soil temperatures at 4 inch, 8 inch and 12 inch depths, both 
under g^rass and in bare soil. (Negretti and Zambra 
recording thermometers and Cambridge Instrument Com- 
pany electrical resistance recording thermometers.) 

Records taken at stated hours each day. 

In addition to the above, the usual barometer, air and soil 
temperatures and rainfall readings arc taken at 9 a.m. ; these are 
supplemented by further readings at 3 p.m. and 9 p.m. of certain 
selected factors — wet and dry bulb for relative humidity and dew- 
point, soil temperature at 4 inch and S inch depths. A daily 
reading is also made of a simple atmometer, to obtain a measure 
of the amount of evaporation from a wet surface during the pre- 
ceding 24 hours. Full notes are also made of the general weather 
conditions. 

The detailed information obtained from these records and 
observations is employed by the Statistical Department in inter- 
preting the crop records, and is also used, together with pbeno- 
logical notes and observations of crop growth, in drawing up the 
monthly statement for the purpose of the Crop- Weather Report 
of the Ministry of .'Vgriculture. The continuous self-registering 
records are used by the Physical Department in their studies of 
border-line problems between Meteorology and Soil Physics. 
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Fig. I, 

Deviation from average monthly values of sunsliine, mean air temperature, 
and rainfall. Season 1924-25. 
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Fig, n. 

Deviation from average monthly values of sunshine, mean air temperature, 
and rainfall. Season 1925*20. 
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SCIENTIFIC PAPERS 

Published 1925 and 1926, and in the Press. 

I.— CROPS, PLANT GROWTH AND FERTILISER 
INVESTIGATIONS. 

(Botanical, Chemical, Insecticides and Fungicides Departments, 
and Field Experiments Section.) 

I. K. Warington. " A Botanical Study of the Flax Plant. 

Maun rial Pot Experiments with Flax/* The Linen In- 
dustry Research AssiK'iation, Research Institute Mem- 
oirs, Vol. 111., pp. 29-36. 

As varied opinions are held on the best manuring for flax, 
water culture and pot experiments (with soil and sand) were car- 
ried out to test the matter further, particularly with regard to the 
importance of potassium and phosphorus. When a heavy and poor 
Rothamsted soil was employed, an addition of potassium or nitro- 
gen caused but little improvement in the crop, whereas a dressing 
of phosphate was of considerable benefit. Thus, although potassic 
fertilisers are usually regarded as especially beneficial for flax, in 
the case of this soil phospliate plays the more important part. Early 
start and early maturation in particular appear to depend on the 
supply of phosphate. On the other hand, nitrogenous dressings 
definitely retard ripening, and are unsuitable as fertilisers for flax, 
unless, of course, there is an actual nitrogen deficiency in the soil. 

In sand and water culture, as w(juld be expected, the use of 
both potassium and pliosphate, as well as the (jther nutrient salts, 
was found to he necessary, fhe greater importance of phosphate 
was also evident in these cases, especially in sand cultures, since 
additional supplies of potassium proved useless in the absence of 
an adequate amount of phosphate; and lurther, luxuriant growth 
was possible for some time where no potassium had been given, 
provided that a large quantity of phosphate was present. 

The results from these three types of experiment thus afford 
corroborative evidence as to the importance of a liberal supply 
of phosphate, and at the same time show the possibility of danger 
arising from lack of potassium or excess jT nitrogen. 

II. W. E. HKCNa iii.KY. E. j. Maskki.l, and K. Waringtox. 

" Ike lufcr-relation between Silicon and other Ele- 
jnents fn Plant \' ntrition.'* Annals of Applied Biologv, 
1927, Vol. XIV., pp. 15-82. 

d he role of silicon in plant nutrition has attracted much atten- 
tion owing to the large amount that is found in cereal plants, but 
the true function of llie element is still debatable. Widespread 
belief exists tliat silicon is capable of replacing phosphorus or other 
essential elements to some extent, and experiments WTre under- 
taken to endeavour to throw liglit (ui thi.s point. 

Under controlled conditions in W'ater cultures, soluble silicate 
was found to have little effect upon the growth of barley if phr)s- 
phorus were also present, hut if the latter were absent, a signifi- 
cant increase in dry weigfit was induced by the silicate. 1 
addition of silicate caused an appreciable increase in the height 
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of the main shoot, which was most marked in phosphate-free solu- 
tions, becoming less evident as the quantity of phosphate present 
was increased. Leaf development was retarded by phosphate defi- 
ciency, and hastened by the addition of silicate. A close associa- 
tion exists between the amount of phosphate present and the effect 
of silicate upon the rate of tillering and the number of tillers 
developed. 

The possibility of obtaining soluble silicates in considerable 
quantity from certain manufacturing processes led to an enquiry 
as to whether such silicates could advantageously be used to sup- 
plement or even replace certain of the artificial fertilisers in com- 
mon use. Soluble silicates tend to cause increase in dry weight 
with deficient mineral manuring, and in some cases also with com- 
plete manuring, and they are more active in this respect than are 
glass silicates. Further soil experiments revealed variations in 
the response of barley and mustard to silicate on different types 
of soil. A general improvement occurred with increasing doses of 
silicate together with various combinations of manures, notably 
when phosphorus or potash was deficient. 

The significance of the results obtained has been examined 
statistically, and an attempt made to formulate the effect of added 
silicate in terms of an increase in the efficiency of the super- 
phosphate present. 

III. W. E. BKKNCHLiiV and K. Warinctox. The Role of 
Boron in ihe Growth of Play-its.** Annals of Botany, 
1927, Vol. XLI., pp. 1-21. 

The Important role of boron In the nutrition of Tic/a fafia was 
clearly shown in Warington's earlier work, but it remained to be 
proved wliethcr the beneficial action of the element is a general 
phenomenon or is confined to particular conditions of growth. 
Further experiments suggest that the need of certain plants for 
boron is unaffected by tlie nature of the substratum on which they 
grow, the conditions of aeration at the roots or, in the case of 
leguminous plants, the presence or absence of nodules thereon. 
Plants grown in water cultures need the element irrespective of the 
composition or pH value of the nutritive solution. The concentra- 
tion of boric acid appears to be of little moment provided that an 
adequate, though not excessive, total supply is provided over a 
given period, but this total supply can he reduced when the nutri- 
tive solution is frctjuently renewed, 'flic need for boron still 
manifests itself even when the nutrient solution is kept at approxi- 
mately constant concent ratitui by means of drip cultures. 

Boron per sc is sliown to be tlw active principle in these 
phenomena, for the chemical combination in which boron is pre- 
sented to the plant is immaterial, even the so-callcd “ insoluble ’’ 
borates being effective ; but no other element, out of fifty-two 
tested, has proved capable of replacing boron. Speci.al attention 
has been given to nianganc.se in this connection. It has been 
claimed by other workers that boron is probably essential to the 
growth of all plants, but so far in these experiments this has only 
been proved for several leguminous plants and for melon, whereas 
various cereals and candytuft complete their development in its 
absence. It is not yet certain whether the distinction between 
these two classes is real or merely a matter of degree, i.e., whether 
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the second class require so little boron Uiat a sufficient supply is 
stored up in their seeds. The physiological function of boron in 
the nutrition of broad bean is under investigation. Boron is not 
able to replace any one of the essential nutritive elements, but a 
definite association with the absorption or utilisation of calcium is 
very strongly marked. TJie boron does not act as an ordinary 
catalyst, but is itself absorbed, and in some way removed from 
action, a constant supply thus being necessary. 

IV. K. Warington, The Changes Induced in the Anato- 

mical Structure of Vida faba by the Absence of 
Boron from the Nutrient Solution/' Annals of Botany, 
1920, Vol. XL., pp. 27-42. 

Broad beans grown in a medium entirely free from boron 
exhibit characteristic symptoms in the shoot and root. The stem 
withers and blackens at the apex, the injury gradually travelling 
down the plant, while the root system became stunted, the laterals 
being few in number and often thickened. The anatomical struc- 
ture of such plants is shown to be abnormal, whereas the anatomy 
of plants supplied with a nutrient solution containing a small 
quantity of boron, e.g., boric acid 1 : 2,500,000, is similar to that 
of plants grown in soil. 

The principal changes induced by the omission of boron are : 

(fi) Hypertrophy of the cells of the cambium followed by de- 
generation with discoloration, or direct disintegration 
of the same tissue without previous enlargement. 

{b) Frequent disintegration of phloem and ground tissue. 

(c) Poor development of xylem and in some cases ultimate 
breaking down of this tissue. 

A definite connexion exists between the presence or absence 
of boron and the anatomical structure, and the correlation of this 
with the meristematic activity of the plant is discussed. 

V. F. J. Maskell. Field (Observations on Starch Produc- 
tion in the Leaves of the Potato/' Annals of Botany, 
1027, Vol. XLI., pp. :127-3U. 

This paper gives a preliminary survey of the physiological pro- 
cesses of starch production in the leaves of potato plants (variety 
Kerr’s Pink) subjected to various manurlal treatments. The four 
treatments were (1) No Potash; (2) Potash as Sulphate of Potash; 
(3) Equivalent Quantity of Chloride of Potash; (1) Potash Manure 
Salts equivalent to other treatments in KjO content. This manure 
contains a higher concentration of chloride than (3). Full details 
of treatments are given on page 138. 

The method used to estimate the sinrcli consisted of com- 
paring the colour tones d(‘vclopcd by the Sachs iodine test with 
the appropriate colour standard in Ridgeway’s “ Colour Standards 
and Nomenclature,” (No. 5!) Laboratory experiments with 

starch impregnated filter paper showed that an increment in tone 
number corresponded witli a proportional increment in starch con- 
centration. 

The experimental procedure consisted of covering a pair of 
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leaflets with small light proof paper bags, leaving them to trans- 
locate over-night. Next day, one of the bags on each of six 
pairs was removed for 3 hours, and after the leaf had been ex- 
posed for 3 hours, that leaf and its covered pair were removed. 
This gave a measure of net assimilation. On eleven occasions 
between September 4th and 21st, samples were taken, 

^The data were analysed by Fisher’s variance method, and 
the difference between two means which was statistically significant 
determined to be 0.588. 

The following table shows the superiority of the K 2 SO 4 treated 
samples K.So^— KCl : 0.528. 

K,So.— P.M.S. ; 0.774. 

K 2 So^ — N oK : 0.654. 

The chloride treatments give a starch production not signi- 
ficantly greater than the no potash plot. The low rate of starch 
producticm in the less favourable treatments is shown to be asso- 
ciated \vitli, though not casually related to, a low rate of starch 
removal. The analysis of variance shows that those portions due 
to occasion are significant. Some of this is ascribable to age and 
some to radiation. 

A series of correlations between (1) Starch production, (2) 
Radiation, (3) Age, was determined with the following results ; — 

rx ,2 is hardly significant, but r 2,8 ^nd ii.s are definitely 
so. The partial correlations and for each treatment 
separately show that the only significant correlation of starch 
production with radiation is on the no potash plot, and that this 
plot has the lowest correlation of starch production with age. 

VI. W. A. Roach. A Laboratory Apparatus for the JVet 

Grinding of Plant Tissues out of Contact ^d'ith Air." 
Biochemical Journal, 1525, V’’ol. XIX., pp. 783-786. 

A simple laboratory apparatus was designed by means of 
which potato tubers or similar tissues could be pulped sufficiently 
finely to ensure almost every cell being broken. The whole opera- 
tion may be clone in an atmosphere of an inert gas. 

VII. W. A. Roach. " On a JMhile Blue Compound from 
the Potato I'ubcr." Annals of Botany, 1925, Vol. 

XXXIX., p. 883. 

Juice obtained by pulping potatoes and filtering tlie juice, 
both operations being carried out with careful exclusion of all 
oxygen (Paper No, VI.), was of a bluish green colour. When air 
was admitted very cautiously, the colour became bluer and darker, 
then changed through shades of green to a bright yellow'; tiie blue 
colour was discharged by sodium hvdrosulphite, but came again 
on introducing more oxvgcn. The yellow colour was unaffected 
by the sodium hydrosulpiiitc. In these respects the blue compound 
resembled the one obtained !>y Haas and Hill (Biochem. J. 1925, 
XI X. 236) from Mcrcurialis perennis. 

VIH. E. M, Crowtmhr. .4 Xote on the Availahility of 
Organic Nitrogen Compounds in Pot Experimetits." 
Journal of Agricultural Science, 1925, V’oh XV., pp. 
300-302. 
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A comparison was made of the manurial action of sixteen 
typical nitrogen compounds in pot experiments on barley, followed 
by mustard. An index of the availability of the nitrogen was 
afforded by the values for the total amount of nitrogen recovered 
in both crops (excluding the roots) in excess of that of the un- 
treated series, expressed as a percentage of the added amount 
(O.ugm. per 10 kilos of soil). In order of decreasing availabilities 
the compounds gave the following percentage recoveries of nitro- 
gen ; 00-70 per cent,, animoacetic acid; 50-60 per cent., sodium 
nitrate; 40-50 per cent., oxamide, ammonium sulphate, dried 
blood, acetamide; 30-40 per cent, egg albumen (nitrobenzene), 
peptone, pryidine, sodium urate; 20-30 per cent., sodium cyanide; 
10-20 per cent., ^i-Napthylamine (aniline); less than 10 per cent, 
(acetanilide), hydrazine. The three substances enclosed in brackets 
gave irregular results; nitrobenzene prevented the germination of 
barley, aniline and acetanilide seriously reduced the germination 
and final yield of barley ; nitrobenzene and aniline gave abnormally 
lieavy growths of mustard. 

IX. E. M. Cro'vthhr. Further Experiments on the Effect 
of Removing the Soluble Humus from a Soil on its Pro- 
ductiveness/’ Journal of .Agricultural Science, 1025, 
Voh XV., pp. 303-306. 

In 1915, Weir published an account (Journ. Agric, Sci. (1915), 
VII, 216-253) of pot experiments from which it appeared that the 
removal of a considerable proportion of the soluble humus by acid 
treatment and repeated extraction witli alkali had no effect in 
diminishing' the productiveness of tlje soil. Six further crops have 
been grown in the pots set up by Weir, and an analysis of the 
whole of the data from two independent series of experipients 
(wath lU and 7 crops respectively) in each of the two soils shows 
that his conclusion must be modified. The results of several calcb- 
crops of mustard and r} u, grown out of season, are excluded, as 
they failed to make appreciable growth. The remaining crops 
(5 in the first and 4 in the second scries) made a satisfactory 
gRjwth. In both series the extraction of a heavy loam from Har- 
penden Field increased llie yield in the first and second crops, 
but decreased it in the succeeding crops. The extraction of a 
garden soli from the Allotment decreased the yield in all cases, 
except for a slight and scarcely significant increase in the first 
crop in one series only. There is thus no evidence for the view* 
that the soluble humus is unimportant as a .source or reserve of 
plant food. 

X. K. J. Russkli,, '' The Institute of Brewing Research 

Scheme : Third Report on the Experiments on the In- 
fluence of Soil, Season and Manuring on the Quality 
and Grozvth of Barley, 1024. Journal of the Institute 
of Brewing, 1025, Vol, XXXI. (Vol. XXII., New 
Scries), pp. 548-561. 

This paper gives a full account of the work discussed on p. 20. 
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XI. H. Lloyd Hind, H. Threadgold and C. W. B. 
Arnold. The Deiermination of the Dia5fafic Power 
of Malt and Barley/' Journal of the Inslilute of Brew- 
ing-, 1926, Vol. XXXIL, pp. 26-32. 

An improvement in the standard method of determination of 
diastatic power, by working at a constant hydrogen ion enneenv 
tralion corresponding to pH 4.6, obtained by the addition of an 
acetate buffer. 

XII. R. H. Warren, C. T. Gi.mingham and H. J. Page. 

llie Chemistry of Basic Slag I. The Determination 
of Fluorine in Basic Slag/’ Journal of Agricultural 
Science, 1925, Vol. XV., pp. 516-528. 

A method is described for the determination of fiuorine in 
basic slag. The fluorine content and the citric solubility of a 
number of basic slags are compared. On the assumption that 
fluorine in ba.sic slag locks up in an unavailable condition an 
equivalent amount of pliospliate, in tlie form of fluorapatite 
[Caj (POJ 2 J 3 CaFo, an availability value ” is calculated from 
the fluorine content. In general, the values so obtained run 
parallel with the citric solubilities, but certain discrepancies occur, 
which will form the subject of further work. 

II. STATISTICAL METHODS & RESULTS. 

(Statistical Department.) 

XIII. U. A. Fisher, “ Theory of Statistical Esti?}iaiion/’ 
Proceedings of the Cambridge Philosophical Society, 
1925, \'o]. XXIL, pp. 700-725. 

An ordered exposition of the recent developments of the 
theory of statistical estimation, and of tlie criteria which now 
exist for judging the value of statistical methods. Tiie proper- 
ties, first of c()n.si stent, and then of efficient statistics, arc deduced, 
and a general method is given (O' obtaining an efficieru statistic 
without llie solution of transcendental equations. ,\ property of 
efficient statistics is utilised to supply a measure of the intrinsic 
accuracy of error dislri but ions, and this in turn to extend the 
notion of cfficienev to statistics derived from small samples. Tlie 
peculiar character td statistical estimates classed as suilicient is 
elucidated ; and, in the absence of these, a method is given of 
evaluating the loss of information involved in the maximum likeli- 
hood solution, and of other efficient statistics. Finally, it is shown 
how ancillary statistics may be used to remove this residual loss 
of information. 

XIV. \\ R. An SELL and R. A. Fisher. " .Vole on the 
Mtitnerical Evaluation of a Bessel Function Derivative/' 
Proceedings of the London Mathematical Society, June 
1925. 

in the evaluation of a numerical expression involving the deri- 
vative of a Bessel function with respect 10 its modulus, it was 
found to be expressible in terms of the cosin c-integral tabulated by 
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Glaisher. This suggested the possibility that a general relation- 
ship, hitherto unsuspected, might subsist between the two func- 
tions. On examination, such was found to be the case, and in 
the present note the derivative, for values of the modulus equal 
to the halves of odd integers, is expressed in terms of the sine — 
and cosine — integrals. 

XV. R. A. Fisher. The Resemblance between Twins, a 
Statistical Exatnination of Lauterbach's Measure- 
ments/' Genetics, 1925, Vol. X., pp. 569-579. 

Previous data on the resemblance between human twins, 
though somewhat scanty, have shown themselves upon examina- 
tion in surprising disaccord with the current biological theory of 
their origin. In this paper the extensive series of measurements 
obtained by Lauterbach has been examined, and is found on each 
point to be in substantial agreement with biological theory. There 
is every indication, within the group of like-sex twins, of a con- 
siderable class of genetically identical pairs, the correlation 
between whose measurements is found lo be about .92; moreover, 
in the absence of errors of measurement, an even higher degree of 
resemblance is indicated. 

XVT. R. A, Fisher. Sur la Solufion de Vequation In- 
tegride de M, lA Romafwvsky/' Comptes Rendus dc 
r Academic des Sciences, 1925, Vol. CLXXXT, pp. 
88-89. 

The Russian matliematiclan Romanovsky had expressed the 
distributions obtained liy sampling the normal frequency surfat'c 
in the form of an integral equation. I'lie present note gives tlie 
solution of the equation and demonstrates its agreement with the 
distributions previously obtained by the author, from considera- 
tions of the geometry of Kuclidean liyper-space. 

XVII. L. H. C. Tippett. On the Effect of Sunshine on 
Wheat Yield at Rotfuimsted/' Journal of Agricultural 
Science, 1926, Vol. XVI., pp, 159-165. 

The object of this enquiry was to ascertain to wliat extent, 
if any, the apparent deleterious elfect of rainfall upon the yield of 
wheat at Rothamsted should be ascribed to associated lack of 
sunshine, and in so far as the records would allow to evaluate 
the independent effect of the latter. The method employed was 
to utilise the elTccts of rainfall previously obtained for the whole 
70-year period, and from the .‘M years’ sun.shine records to obtain 
(i) the regression and residuals of sunshine upon rainfall, and (ii) 
the regression of crop residuals upon sunshine residuals. 

The correlation of rain and sunshine is only about 0.25, and 
the effect ascribable to rain is in all essential features unchanged; 
a small proportion of the harmful effect of rainy weather from 
April to August should, however, be ascribed to associated lack 
of sunshine. The predominant effect of sunshine appears, how- 
ever, to be in the end of autumn (Oclober-December), sugge.sling 
that bright weather is important at this season in germinating the 
seed and establishing the seedling plants. 
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XVIII. W. A. Mackenzie. Note on a Remarkable Cor^ 
relation between Grain and Straw, obtained at Rotham- 
sted/^ Journal of Agricultural Science, 1926, Vol. 
XVL, pp. 275-279. 

A considerable amount of unpublished material has In the past 
been accumulated at Rothamsted upon ihe important subject of 
the correlation between grain and straw from cereal crops; when 
the yields from a recent uniformity trial with wheat (Sawyers 
Field) were examined, it was therefore at once observed that the 
grain and straw were there correlated in quite an exceptional 
degree. The correlation was found to be no less than 0.990, and 
in the present paper the significance of such a result is examined 
in relation (i) to the uniformity of the field, and (ii) to the accu- 
racy of the newly-establishcd methods of plot technique. 

XIX. R. A. Fisher. '' Baye's Theorem and the Fourfold 
. Tabled’ The Eugenics Review, 1926, Vol. XVIIl., 

pp. 32-33. 

Considerable statistical controversy has been aroused on fhe 
question of the distribution of a certain quantity X*, necessary to 
test the independence, when calculated from a fourfold table. Prof. 
Pearson’s original theory that its mean valuc' is 3, having been 
disputed upon different grounds by Yule and Fisher, who agree 
that the mean valuc must be unity. In the present note, the 
large number of 11,668 fourfold tables, put on record in a recent 
paper by Mr. F, S. Pearson, is utilised to test the point. The 17 
averages obtained range from 0.8926 to 1.0882. the general aver- 
age being almost exactly unity. 

XX. R. A. Fisher. On the Random Sequence.'" Quar- 
terly Journal of the Royal Meteorological Society, 1926, 
Vof. LII., p. 250. 

The “ runs ” of increasing or decreasing sequences which 
occur in a series of numbers arranged in random order are of 
some interest to meteorologists. This note gives the matlicmatical 
distributions of the frequency of length of run. 

XXI. R. A. Fisher. " Applications of ' Studeul's ’ Distri- 
bution." Met run, 1926, V., pp. 90-1 OT 

XXL (a) R. A. Fishf.r. E.cpansion of ' Studcut*s ’ In- 
tcf^raJ in Ib^wers of Metioii, 1926, \oL V., pp. 
I09-1I2. 

The increasing use, both in agriculture and in general statis- 
tics, of the error distributions discovered by “ Student ” in 1908, 
has created a need for improved tables. The opportunity of their 
preparation by that writer was taken of publishing simultaneously 
a comprehensive account of the numerous applications to which 
his methods have since been shown to be adequate. I he first of 
these papers explains and illustrates the several groups of prob- 
lems, of which an exact solution is provided by tlie tables; the 
second gives the expansion formula by wliich values outside tlte 
range of the tables may be calculated,' and in parts of the region 
tabulated increased accviracy attained. 
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III, THE SOIL. 

(Chemical, Physical and Statistical Departments.) 

(a) Mechanical Analysis. 

XXII. A Sub-Committee of the Agricultural Education 
Association. “ The Mechanical Analysis of Soils : A 
Report On the Frcse7ii Position, and Recominendations 
for a Ne7v OlJicial Method.'' Journal of Agricultural 
Science, 102(), Vol. XVL, pp. 123-144. 

This paper condenses the results of over two years’ investiga- 
tions at a number of centres, including Kothamsted. The work of 
the Sub-Committee was co-ordinated fiom Rothamsted by Dr. 
Keen. A thorough examination has been made of the function and 
significance of mechanical analysis in the light of recent advances 
in our knowledge of soil, and a comnrehensive trial has been 
made of (a) a new method of dispersion, and (b) an improved 
single sedimentation metliod of analysis. These new procedures 
have been compared in detail with the original beaker method 
adopted by the Association in IfiOG, and, on the recommendation 
of the Committee, have been officially adopted in place of the 
older method- 

Treatment of the soil with 20 vol. hydrogen peroxide prior t(j 
addition of hydrochloric acid is shown to effect a much better 
dispersion of the compound particles than that obtained with acid 
alone. The efficiency is due to the action of the peroxide on the 
cementing organic matter, some 80 per cent, of which is removed 
as gas or rendered soluble. There is at the same time a small 
chemical action largely confined to the finest mineral particles, a 
loss of 1 per cent, to 2 per cent, being usually found. 

The dispel sed material was submitted to mechanical analysis 
both by the old beaker method and the new method, which depends 
on taking samples with a pipette from the sedimenting column of 
material at specified di;ptljs and times. 

The complete set of tests involved lour series representing- the 
combination of the two methods of disp(‘rsion with tlie two 
methods of analysis, and the full set was done on each of eight 
carefully chosen typical soils. 

A complete set of experiments was carried out at Rothamsted, 
Lee<ls and Bangor, so that comparisons were available of the 
same methods in the hands of several dilTercnt workers. Thus very 
adequate data were obtained on which to base the recommendation 
of the new method, full details of which arc given in paper No. C. 

XXIII. J. R. H. CoL’TTS and E. M. CROwritER. A Source 
of Error in the Mechanical /Inn^ysij of Sedhnents by 
('ontinuous Weif^hing." Transactions of the Faradav 
Society, 1025, Vol. XXL, pp. 374-380. 

In the determination of the size distribution curves of suspen- 
sions by the method of continuf)US weighing of the sediment 
faccumulated on a balance pan hung near the base of a column of 
su.spension, all previous workers liave tacitly assumed that the 
course of the sedimentation is unaffected by the presence of the 
pan. This assumption has been examined experimentally ami 
found to be incorrect. The pan shields the liquid below it from 
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the entry of particles from higher levels, whereas the liquid in 
the annular region between the pan and the walls of the vessel 
experiences no such effect. Hence, the lower density of suspension 
immediately below the pan after the sedimentation has proceeded 
for a few minutes, Inevitably sets up a ilow of liquid which inter- 
feres with the free vertical fall of the particles. With the large, 
narrow-rimmed pans hitherto used, the observed yields are appre- 
ciably below the theoretical values. In extreme cases, with about 
1cm. between the pan and the base of the cylinder, the observed 
yields may be as low as 70 per cent, of the theoretical yields. With 
the pan close to the base, the error is smaller, but there is a 
rapid change of yield with very small changes in the position of 
the pan. The extent of the disturbance varies with the size of 
the particle, and thus produces a distortion of the distribution 
curve. 

{b) PHYSICAL PKOPERTIHS. 

XXIV. B. A. Ktiix. '' The Physicist in Agriculture, u'ith 
special lejcrence to Soil Problems/' Lecture to tjie 
Institute of Physics, November, 192“). From “ Physics 
in Industry,” Vol. I\L (1920). 

A connected account of the properties of s<nl from the view- 
point of the physicist, and based very largely on the work of the 
Soil Physics Department at Rothamsted. Among the subjects 
dealt with are particle size and its measurement, the soil colloids, 
the mechanism of water movement in soil, soil tilth and soil 
cultivation. 

XXVL B. A. Keen, E. M, Crowther and J. R. H. Coutts. 

The evaporaiiou of Wafer from Soil. III. A Critical 
Study of the Technique. journal of Agricultural 
Science, 1920, Vol. XVI, pp. 10.>122. 

Experiments on the evaporation of water from a soil paste 
spread in shallow pans, showed tliat the drying proceeded very 
irregularly over the soil mass. Considerable portions became 
ahnost completely drv, whilst other portions remained very wet. 
There was a rough relationship between the form of the dry paldi 
and the shape of the a>nTsponding evaporation rate curves. 

An improvement in tedinkpie was elTected by exposing the soil 
in thin layers below glass plates. Cnder these conditions, repro- 
ducible results were obtained. Soil and kaolin, but not sand, 
gave considerable linear portions over the region ot decreasing 
rate of evaporation. Tests on soil exposed as central discs, or 
peripheral rings, and on pariiallv covered full plates, showed that, 
owing to the type of air currents set up, the drying was largely 
confined tn the outer edges during the early stages. 

The establishment of a moisture giadicnt in this way was 
subsequently opposed by the lateral mo\cnicnt of water by 
capillarity. " 

By interposing a barrier to llie lateral spread of the air 
currents, the rate of evaporation was reduced to one-quarter and 
the resulting curves approximated to the liming case of slow 
evaporation, i.e., vapour pressure curves. 

The evaporation of water is controlled by two groups of 
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factors depending- on (1) the soil-water relationships, and (2) the 
environmental conditions. The latter group includes such factors 
as diffusion of water vapour from the soil to the acid, and bulk air 
movements set up by (o) the temperature gradient from bottom to 
top of the evaporating chamber, {b) the cooling of the soil by 
evaporation, (c) inevitable disturbance in the weighings, (d) the 
lower density of moist air. Thus the environmental conditions 
are very complex and liable to irregular changes from one experi- 
ment to another, DiiTerences in the rate curves for various 
materials cannot, therefore, be attributed solely to the water 
relationships of the material. Where the results are obtained by 
a carefully controlled and reproducible technique, certain com- 
parisons can be made, but caution must be exercised at present 
in associating precise physical explanations with the shape of 
the complete rate curves. 

XXVI. W. B. Haines. Studies in the Physical Properties 
of Soils. //. A Note on the Cohesion Developed by 
Capillary Forces in an [deal Soil.'' Journal of Agricul- 
tural Science, 1925, Vol. XV., pp. 529-535, 

In this note an approximate calculation is made of the forces 
due to surface tension of water-films distributed through an 
“ ideal ” soil consisting of an assemblage of uniform spheres in 
regular packing. An expression is obtained for the value of the 
cohesion or shrinkage pressure produced, which shows that, 
although the cohesion rises toward zero moisture, it approaches 
a finite limit. If moistures arc expressed in percentage by weight 
(as is usual in soil work), then ihe calculation is only valid below 
moisture values of 3 — 8 per cent., according to closeness of 
packing. Kor higher moistures a general inference is made that 
the cohesion again rises, which is supported by a very rough single 
value calculated for saturation. 

The main conclusion reached is that the magnitude of these 
capillary forces depends almost wholly on the sis^e of the particles. 
For any one particle size the range of cohesion for all moisture 
values is not large. On the other hand, the cohesion may be made 
to assume large values by making the particle size suflii iently 
small. 

An attempted experimental verification is described in which 
a sample of ignited silt was taken as an approximation to the 
ideal soil and measurements of cohesion made with Atterberg’s 
apparatus. This instrument measures the force required for the 
penetration of a wedge into the sample under test. The results 
agree well enough with the theoretical value at saturation, but not 
with the values at lower moistures. (.See also papers XXVTII. and 
XXIX.) 

XXVIT. W. B. Ha INKS. Studies in the Physical Properties 

of Soils. III. Observations on the Electrical Conduct- 
ivity of Soils." Journal of Agricultural Science, 1025, 
Vol. XV., pp. 5,30-543. 

The change of electrical conductivity with variations in 
moisture content has often been advocated as a convenient method 
for making soil-moisture measurements. This paper describes 
some tests made under laboratory conditions to investigate the 



65 


validity of such a method. The technical difficulties concerned 
with unspecified variations in soil packing, or the nature of the 
electrode contact were eliminated in order to trace the exact 
changes in conductivity with changing moisture. The curves 
showing these changes for several different soil types, indicate that 
in most cases and above the hygroscopic point, the electrical con- 
ductivity could be used as a measure of the moisture. As the 
curves vary a good deal in shape from one soil to another, a 
preliminary examination of the soil would be necessary. 

On the other hand, in the four cases of heavy clays examined, 
the conductivity was constant over a great part of the higher 
moisture range, so that exact inferences of moisture content could 
not be made from the conductivity measurements. It was also 
noticed in these cases that a close relationship exists between the 
critical point where the electrical conductivity begins to fall and a 
similar critical point in the shrinkage behaviour of the clay, thus 
providing an interesting connection between the electrical and 
mechanical behaviour of clay. 

Measurements made on an ignited soil led to an interesting 
verification of earlier work on the capillary behaviour of wafer 
in soils, and in particular of the moisture contents at w-hich the 
film continuity ceases. The shape of the conductivity curve for 
ignited soil gave clear proof of the values arrived at earlier. 
Results of previous w'orkers using sand are shown to bear out 
the same conclusion. 

XXVUI. R. A. Kishkr. On the Capillary Forces in an 
Ideal Soil; Correction of Formulcc given by W. B. 
Haines/' Journal of .Agricultural Science, 1926, Vol. 
XVI., pp. 492-505. 

The statical treatment of the capillary action between adjacent 
soil particles is reworked, and certain corrections introduced into 
Haines’ formulte (Paper No. XXVI.). It is suggested that the 
discrepancy between theoretical stress and the experimental values 
reported may be removed by the supposition that the measure- 
ments were better designed to measure the work needed to cause 
rupture than the static stress of the system. Finally, the limita- 
tions of the geometrical approximation adopted are removed by 
recalculating the volumes, pressures and stresses from the true 
capillary surface. 

XXIX. \V. B. H.aines. Studies in the Physical Properties 
of Soils, IV. A Further Contrihution to the Theory of 
Capillary Phenomena in Soil/' journal of Agricultural 
Science, 1927, Vol. XV 11., pp. 264-290. 

This paper develops further the theory outlined in Paper No. 
XXVI., and deals with certain criticisms (Paper No. XXVIII.), In 
order to clarify the points at issue a more complete treatment is 
given of the ideal case for that part of the problem which has not 
received prepisc mathematical treatment. The pressure deficiency 
produced by capillary forces in the soil water has been directly 
measured for several simple materials approximating to the ideal 
case. The results are shown to be confirmatory of the theory and 
to throw considerable light on the problem of capillary rise in 
soils which has received so much attention from soil physicists. 
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(c) SOIL cultivation, 

XXX. B. A. Keen and W. B. Haines. ** Studies in Soil 
Cultivation, L The Evolution of a Reliable Dynamo- 
meter Technique for Use in Soil Cultivation Experi- 
ments/' Journal of Agricultural Science, 1925, Vol. 
XV., pp. 375-386. 

This paper is the first of a series representing attempts to 
apply exact measurement in various ways to questions of soil 
cultivation. It presents the results of a critical examination of the 
technique of dynamometer measurements when applied to cultiva- 
tion processes. A description is given of the dynamometer used, 
which enabled simultaneous and continuous records to be obtained 
of draw-bar pull, and depth and speed of ploughing. Data are 
then given for the effect on the drawbar pull of variations in 
speed, depth of ploughing, slope of land, and other possible altera- 
tions in ploughing conditions. The results of the speed tests were 
most important in the economic aspect, since the increase of pull 
is only slight for considerable increase in speed. Hence there 
should be a great saving in costs where it is possible to increase 
the normal ploughing speed. The advisability is also discussed 
of making dynamometer comparisons, not on drawbar pull alone, 
but on the basis of power factor, which includes this question of 
the time occupied. 

The other main conclusion which is established by this 
critical survey is that if the implemental factors are kept constant, 
then the values of drawbar pull during ploughing are closely 
related to the locality of the field. In other words the soil varia- 
tions are reflected in the drawbar pull, so that the records for the 
ploughing of two contiguous furrows show a close similarity in 
outline. 

XXXI. W. B. Haines and B. A. Keen. ^'Studies in Soil 
Cultivation. II. .1 Test of Soil Uniformity by Means of 
Dynamometer and Plouf^h.'* Journal of .Agricultural 
vScience, 102.5, Vol. XV., pp. 387-391. 

Following up the main conclusion reached in the last paper, 
the idea was developed of using the dynamometer and plough as 
a soil surveying- instrument for field use. The drawbar pull is 
taken as a measure of the physical properties of the soil at the 
point concerned, so that iiv properly spacing the measured furrows 
across a field, a complete soil map t'an be prepared showing the 
variations in the physical properties of the soil. The map is best 
prepared by drawing lines through regions of equal drawbar pull, 
similar to contour lines of Iieight in an ordinary map. The name 
** Isodyne ” has been adopted for lines so drawn. An isodyno 
map is shown for a field at Rothamsted which had not previously 
been under experiment and wns chosen for a test of uniformity. 
The area of some six acres was sub-divided into plots of one chain 
square, and the mean drawbar pull calculated from a series of 
measurements. The values varied between 1,200 and 1,700 lb. 
at different places, with perfect definite gradients in these values 
between the light and heavy places. Assuming a division of the 
field into strips, as would be done for a competitive implement 
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trial, the averag^e pull alongf the strips varied by about 12 per 
cent. Thus such a competition would be subject to a heavy un- 
known handicap unless the field had first been explored and the 
handicap assessed. 

Preliminary measurements are also discussed, which show 
that the draw’bar pull has a positive correlation with the clay 
content of the soil, and that there is a negative correlation with 
the number of wheat plants which were growing on the plots in 
early spring. 

XXXII. W. B. Haines and B. A. Keen. '' Studies in Soil 
Cultivation. 111. Measurevients on the Rothamsted 
Classical Plots by Means of Dynamometer and Plough/^ 
Journal of Agricultural Science, 1925, Voi. XV., pp. 
395-406. 

This paper presents and discusses the isodyne maps whieii 
have been, obtained for the permanent wheat, barley and mangold 
plots at Rothamsted, viz,, Broadbalk, Great Hoos, and Barnfield. 

The must intensive work has been done on Broadbalk, and the 
results for various years, when compared together, show’ complete 
permanence in the features brought out by these maps. 

7'he measurements show that the drawbar pull is related 
to the clay content of the soli and also to the drainage rates. On 
a particular occasion the rate of efflux of drainage water was 
measured for each plot, and a higli positive correlation was shown 
with the average drawbar pull for the plots. Thus the drainage 
was largest in amount for the heaviest plots, showing the greater 
need for artificial drainage on those plots having the heaviest soil. 

7'he isodyne map for Great Hoos permanent barley has no 
special feature except that it has greater uniformity than any other 
area yet examined on this farm. 

The map for the permanent mangold plots on Barnfield shows 
large variations in the soil, and opens up a new problem in the 
high values obtained on the farmyard manure strip. It is contrary 
to all other measurements and experience that a plot having this 
treatment should be heavy to work. Part of the reason was found 
to lie in a high moisture content, but in the main the explanation 
of this anomalous behaviour must be sought along physico- 
chemical and biological lines. 

XXXIII. E. M. Crowther. Some Aspects of the Gecira 
Soil Problem {and .Hudy.srs of the bifiiiencc of Rainfall on 
The Yield of Cotton at the Gecira Research Farm/' 
Report of a Meeting in the Sudan Gezira, in December, 

1925, for the discussion of certain problems connected 
with cotton growing. Sudan Government, Khartoum, 

1926, pp. 18-28. 

This contribution to a joint discussion on the problems 
arising in the cultivation of cotton by irrigation on the heavy 
alkaline soils of the Gezira, is based on physical and statistical 
investigations made whilst the author was working temporarilv 
at the Gezira Research Farm, Wad Medani, Sudan. I he soil 
of the Gezira has a hard layer at a depth of about 3 feet, and 
it is known from field studies of water movement after irrigation, 
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that but Jittle of the added water percolates below this depth. 
Cotton roots, exposed by washing- away the soil with a jet of 
water, did not penetrate this layer but were confined to the 
first two feet of soil. Measurements of the apparent specific 
gravity of soil by the waxed block method were made at a series 
of depths down to i feet. The density of the moist soil increased 
from 1.65 gms. per cc. at the surface to a maximum value of 
1.80 gms. per cc. at about 3 feet (the weight of dry soil in gms. 
per cc. increased from 1.29 to 1.49). The high value at 3 feet 
shows that the closeness of packing of the soil particles is one 
factor in the hardness and impermeability of this layer. But even 
when this factor is removed by uniform packing of sieved soils in 
columns in the laboratory, there are marked dilferences in 
permeability in samples taken from different depths. The rate of 
movement of water decreased steadily from the surface to very 
low values in soils taken from the third foot; below this depth 
the rate of movement increased owing to the flocculating action of 
the sodium sulphate present. The possibility of increasing the 
permeability of the field soils by cultivation methods was discussed 
and attention drawn to the desirability of investigating the effects 
of delaying the cultivation of the fallow preceding the cotton crop. 

Data for the yields of cotton on the older experimental areas 
in the Gezira were subjected to a statistical analysis. In any one 
year the yields of cotton grown under miscellaneous rotations at 
Tayiba from 1011 to 1022 decreased steadily for each additional 
crop of cotton previously grown on the plot. It has been suggested 
that this deterioration may arise from the intrinsically bad effect 
of water on a saline soil. Except in the earliest years the yields 
were not diminished by the previous growth under irrigation of 
other crops, chiefly lubia and dura. These crops appear to 
counteract the deleterious effect of irrigation, probably by the 
introduction of organic matter or the fixation of nitrogen. In 
rotation experiments at the Gezira Research Farm, the deteriora- 
tion is least in the rotations including the leguminous crop, lubia. 
The correlations between the monthly distribution of rainfall and 
the yields of cotton in five rotation experiments at the Gezira 
Research I'arm for the period 1918 to 1025, were investigated. 
For the normal three year rotation, lubia, fallow, cotton, there was 
a striking agreement between low yields and high early (May and 
June) rainfalls. (r = — 0.94). Two year rotations and continuous 
cotton did not show this effect, but the yields were connected with 
the rainfall at other periods. Thus late rains (September and 
October) had a bad effect, which increased in magnitude for the 
rotations in the order, fallow — ('otton, dura-cotton, lubia — cotton, 
continuous cotton ; the bad effect of late rains increased as the 
duration of the fallow preceding the cotton crop decreased. This 
probably indicates the importance of the fallow in increasing the 
permeability of the soli to water. 

Some support was given to the conclusions from the three 
course rotatir>ns by the results from three course rotations at 
Tayiba and Barakat, Each of these estates had 2,000 acres of 
cotton annually during the six years for which the local rainfall 
data were available. 'I'he correlation coefficients between yield and 
May and June rainfall were — 0.81 and — 0.50. No satisfactory 
explanation of this effect could be offered, but the hypothesis 
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was advanced that the bad effect of eariy rains arises from a loss 
of available nitrogen from soils containing very little decomposable 
organic matter during heavy rains in July and August when these 
have been preceded by an early rainfall sufficient to allow nitrifica- 
tion during May and June. In two-course rotations the presence 
of decomposable organic matter would probably reduce this loss 
just as in humid climates the introduction of bulky organic matter 
and stubbies reduces the loss of nitrate during the winter months. 

It was concluded from a consideration of the rotation and 
manurial experiments at the Gezira Research Farm and from 
general observations that, after the water supply, the most im- 
portant soli factor In the growth of cotton in the. Gezira was the 
nitrogen supply. 

(d) PHY SICAL CHEMISTRY AND INORGANIC CHEMISTRY, 

XXXIV. A. N. PcRi. i'onie Experiments on the Inter- 
action between Soil and Dilute Acids,’* Journal ^of 
Agricultural Science, 1925, Vol. XV., pp. 334-342. 

The conditions of equilibrium between soil (free from carbon- 
ates and absorbed bases) and dilute acids, was studied, and also 
the degree to wliich soil can remove amons from solution in con- 
ditions which render improbable the formation of insoluble salts. 

The equilibrium between the soil and each of several dilute 
acids employed, can be expressed by Frcundlich’s equation, and 
it may be concluded that the interaction is a surface phenomenon. 

The soil was capable of removing chlorine ions from 
hydrochloric acid solution. 

XXXV. H. J. Page. The Kature of Soil Acidity.” 
Transactions of the 11 Commission of the International 
Society of Soil Science, Vol. A., Groningen, 1926, pp. 
232-244. 

A discussion of the nature of soil acidity in the light of modern 
views on tiie ionic exciiangc relationships of the soil colloids. The 
views of Kappen, who distinguishes four dilTereni types of soil 
acidity, are criticised. It is maintained that the conception of the 
absorbing complex of (lie soil as consisting of an insoluble colloidal 
acid, or “ acidoid," with which are associated surface-active 
h3'drogen and basic cations, brings into line the majority of the 
known pliysico-chemical properties of ilie sol). The different types 
of acidity postulated by Kappen can all be regarded as manifesta- 
tions of the same property of tlie complex, namely, the tendenev 
of metallic cations to exchange with hydrogen ions as well as 
with other cations. 

XXXVI, C. E. Marshal!.. '' Some Recent Researches on 
Soil Colloids, .1 Review.” Journal of Agricultural 
Science, 1927, Vol, XVII., pp. 315-332. 

A critical review of recent work on tlic nature and physico- 
chemical properties of the colloids of the soil. 
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XXXVII. H. J. Page and W, Williams. The Effect of 
Flooding with Sea Water on the Fertility of the Soil/* 
Journal of Agricultural Science, 192G, Vol. XVI., pp. 
551-573. 

The flooding with sea-water of land around the Humber in 
1921 spoilt a considerable area of arable land. 

The effects of the flooding, which consisted chiefly in an 
entire destruction of the tilth of the soil, are describedi and com- 
pared with the recorded effects of similar floods in Holland and in 
Essex. 

The results of an examination of the exchangeable bases in 
the flooded soil are considered in the light of modern work on the 
relation between the nature of the exchangeable bases in the soil 
and its physical condition. It is shown that the observed effects 
can be explained by replacement of a considerable proportion of 
the exchangeable calcium of the soil by sodium. 

Dutch experience on the reclamation of flooded soils is dis- 
cussed. It is shown that in the first few years after flooding, the 
land should be cultivated as little as possible. 

The use of lime or gypsum for the treatment of flooded soils, 
in order to hasten the restitution of calcium to the clay in place 
of sodium, is discussed. From an examination of the soil from 
plots which had been treated with these materials, it is showm 
that, although both produced in some degree the desired effect 
chemically, the action did not proceed far enough in 12 months 
to produce a noticeable improvement in the tilth. 

It may be possible under favourable conditions to grow certain 
arable crops on flooded land, among v;hich crucifers appear to 
be specially suitable. 

However, the most satisfactory and promising means of 
hastening the recovery of tilth and fertility by flooded land appears 
to be the establishment of a ley of lucerne, clover, or “ seeds ” 
which can be left down for several years. 

(c) BIOCHEMISTRY AND ORGANIC CHEMISTRY. 

XXXVIII. H. J. Pace. Studies on the Carbon and 
Nitrogen Cycles in the Soil. L On the Nature and 
Origin of the Humic Matter of the Soil.” Journal of 
Agricultuial Science, (in the press). 

This paper is the first of a series dealing wTth investigations 
carried out in the last few years by or under the direction of the 
author. It is shown from the results reported in detail in the next 
four papers of the series, (!) That the humic matter of the soil 
is of a similar character in soils of widely different organic carbon 
content brought about by different manurial and cultural treat- 
ments. (2) That this can be explained on the assumption that 
humic matter is derived from one common constituent of plant 
residues, the remaining constituents not contributing directly to 
the formation of humic matter. (3) That the quantitative study 
of the humification of plant materials and the comparison ot 
various artificial “ humic acids ” with humic acids isolated from 
natural sources, are both in favour of the hypothesis that this 
common constituent of plant residues, the parent substance of 
humic matter, is lignin. 
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These results support the hgnin hypothesis of the origin of 
humic matter and coal, put forward by Fischer and Schrader. 
This hypothesis and other recent rival hypotheses on the nature 
of the humification process, are discussed. 

XXXIX. C. W. B. Arnold. Studies on the Carbon and 
Nitrogen Cycles in the Soil. IL The Fractionation of 
the Organic Matter of the Soil/* journal of Agricultural 
Science, (in the press). 

By treatment of the soil from the plots on Broadbalk and 
Barnfields receiving dung artificials and no manure respectively, 
with cold 2 per cent, caustic soda, and with the same reagent at 
lOO^C., it is shown that tiie organic carbon can be fractionated 
into three parts thus: (1) Material soluble in cold dilute alkali; 
(2) material which will not dissolve in dilute alkali until it is 
heated; (3) material which is insoluble in cold or hot dilute alkali. 
The quantitative distribution of the organic carbon among these 
groups is practically the same for all the soils examined. 

XL. M, S. DU Toit and H. J. Page. Studies in the Carbon 
and Nitrogen Cycles in the Soil JV. A Quantitative 
Study of the Hiitnificafion of Certain Plant Materials.^* 
Journal of Agricultural Science, (in the press). 

The rate of disappearance of the chief organic constituents of 
some plant materials : straw, maize cobs, sawdust, and clover 
hay, during their rotting under the induence of soil organisms, 
has been studied. It is shown that the formation of humic matter 
is more closely related to disappearance of lignin than to that of 
the other constituents. Moreover, pure preparations of those 
other constituents (cellulose, starch, xylan, xylose, glucose and 
protein) were wholly or largely destroyed by the microorganisms 
of the soil, without the production of any humic matter. 

XLI. M. S. DU Toit and H. J. Page. Studies in the 
Carbon and Nitrogen Cycles in the Soil. V. On the 
Preparation aiid Properties of Various Natural and 
Artificial Humic Acids/' Journal of Agricultural Science, 
(in the press). 

The preparation and purification of humic acid from various 
natural sources is described. 'I'he products were compared with 
preparations of the various types of artificial humic acid by con- 
ductometric titration with ammonia. All the natural products 
behaved as true adds, producing a definite increase in the con- 
ductivity of added ammonia. The artificial humic acids from 
lignin and from hydroquinone, and to a lesser extent, from cellu- 
lose, resembled the natural products in this respect, but those 
produced from sucrose and from furfural behaved dilTcrently, 
causing a reduction in the conductivity of ammonia. Quantitative 
studies of the humification of furfural and of w-lndroxymethyl- 
furfural hi viito, and of the interaction of glucose with glycine 
and various related bodies, are also described. 
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XLII, V. Subrahmanyan. The Biochemistry oj Water- 
logged Soils, Parts 1, and //. ” Journal of Agricultural 
Science, (in the press). 

The work described in these papers constitutes the first 
portion of a systematic investigation into the chemical processes 
occurring in water-logged soils. This is a subject of great im- 
portance in relation to tropical agriculture, in particular, for rice 
growing. Part I deals with the influence of water-logging on 
the different forms of nitrogen, on the reaction, on gas produc- 
tion, and on bacterial numbers. The only prominent change in 
the nitrogen compounds is an increase in the ammonia, which 
causes a slightly more alkaline reaction. The absence of appreci- 
able carbon-dioxide production, and the lack of any increase in 
bacterial numbers under aerobic or anaTobic conditions, suggests 
that the ammonia production is due to enzyme action. 

Part U describes work confirming this hypothesis. It is 
shown that ammonia production is not hindered by the presence 
of an antiseptic, and that the aqueous glycerine extract of 
toluened soil contains an agent which is able to produce ammonia 
from simple protein derivatives. An active deaminase prepara- 
tion, of a protein like nature was isolated. The presence of this 
deaminase in cultures of soil organisms was demonstrated, and 
its action on a number of amino-acids w^as studied. It is concluded 
that this enzymatic deaminisation may play an important part in 
plant nutrition on waterlogged soils. 

(/) CHEMtCAL analysis. 

XLII I. C. W. B. Arnold. Studies on the Carbon and 
Nitrogen Cycles in the SoiL Id. The Detertnifiation oj 
Organic Carbon in Soils and Soil E.xtracts.” Journal 
of .Agricultural Science, (in the press). 

A description (jf the methods of analysis developed for use 
in the work described in the paper, No. XXXIX. 

XLIV. V. Subrahmanyan. " An Improved Method jor the 
Determination oj Dissolved Oxygen in Water/* Journal 
of Agricultural Science, (in the press). 

This paper deals with methods which have been specially 
worked out for use in the investigations on waterlogged soils, 
described in paper No. XLII. 

IV, THE SOIL POTUJ.ATION & ITS BEHAVIOUR. 
(Bacteriological, General Microbiology, Mycological Departments.) 

(a) BACTERIA. 

XLV. P. H. H. Gray. A Method oj Staining lUicferntl 
Flagella/' Journal of Bacteriology, 1926, Vol. Xll.» 
pp. 273-274. 

A simplified mctlnjcl that has prt>ved of great value in n 
procedure, usually attended w’ith much difficulty, essentia! m 
bacterial diagnosis. 
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XLVI. H. G. Thornton and R. A. Fisher. On the 
Existence of Daily Changes in Bacterial Numbers in 
American Soil/' Soil Science, 1927, Vol. XXII I. ^ pp. 
263-259. 

The daily bacterial counts published by Smith and Worden 
show variations which cannot be explained as being' due to 
sampling- errors. On all three media employed by them, significant 
positive correlations in bacterial numbers between simultaneous 
samples were obtained. 

The similar daily fluctuation occurring in different parts of 
the plot show most clearly on Thornton’s mineral salts medium. 

Provided the manipulative technique of Smith and Worden 
was sufficiently uniform, the results afford evidence of the exist- 
ence, in very different conditions, of daily fluctuations in bacterial 
numbers, similar to those observed at Rothamsted. 

XLVII. H. G. Thornton and N. G.vngulee. The Lije- 
Cycle of the Nodule Organism, Bacillus radicicola (Bei/J, 
in Soil, and its Relation to the Infection of the Nost 
Plant. ” Proceedings of the Royal Society, 1926, Ser. B., 
Vol. XCIX,, pp. 427-451. 

By means of a modification of Winogradsky’s staining tech- 
nique, the changes in morphology of Bacillus radicicola in soil 
were followed. A regular cycle of clianges was found, unbanded 
rods, cocci, and banded rods successively predominating in the 
soil. Increase in the percentage of cocci was associated with 
increased bacterial numbers and with the appearance of motile 
forms. 

By modifying the liquid used to suspend the inoculum added 
to the soil, the lime of appearance of cocci in predominance could 
be altered. In particular, inoculation of the soil with a bacterial 
suspension in milk containing 0.1 per cent. CaH^^ (PO^)^ -f 2H2O, 
hastened the predominance of cocci and increased the percentage 
to which they attained. 

When the centre of a peiri dish of soil and sand is inoculated 
with a suspension i>f the bacteria, the latter commence, after a lag 
period, to spread radially at an approximate rate of one inch in 
24 hours. 'I'he length of this lag period is apparently related to 
the lime taken for cocci to predominate in the soil and is effected 
hy the nature of the inoculating fluid. The bacteria multiply 
rapidly in the soil into which they have recently spread, so that 
ilje nature of tlic inoculating fluid also exerts an influence on 
bacterial numbers at a distance from the point of inoculation. 
Thus inoculation of the soil with a bacterial suspension in milk 
containing 0.1 per cent. Call^fPOJ, 4-21400, results in a greater 
spreading of the b.acteria through the soil and in greater 
multiplication at a distance from the point of inoculation than in 
the case when soil is inoculated witli a suspension in milk alone. 

Lucerne plants grown from seed inoculated with a suspension 
ol bacteria in milk containing 0.1 per cent. CaH JPOj|)a 4- 2H3O, 
showed a considerable increase in nodule numbers and in }':cld 
compared with plants from seed inoculated with a suspension in 
milk alone. 
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This effect was confined to the deicer portions of the root 
and tlierefore increased as the plants became older and roots de- 
veloped in the deeper soil. This suggests that the additional 
nodule formation is due to the known effect of the phosphate in 
increasing the spread of the bacteria, 

XLVllI. N. Gangulee. '' The Effect of Some Soil Con- 
ditions on Nodule Formation on Crotalaria juncea. (L).” 
Annals of Applied Biology, 1926, Vol. XIII., pp. 244-255. 

From pot culture experiments, it has been shown that the 
formation of nodules on the roots of Crotalaria juncea is affected 
significantly by variations in the texture, moisture content, and 
reaction of the soil, all other conditions being kept uniform. 
Xodule formation was increased by higher moisture content, by 
increased coarseness and by reduced hydrogen ion concentration. 

XLIX. N. Gangulee. '' The Organism forming Nodules on 
Crotalaria juncea (T), Annals of Applied Biology, 1926, 
Vol. XIII., pp. 256-259. 

The observations recorded in this paper show that the stages 
which have previously been known to take place in the life cycle 
of B. radicicola from certain leguminous plants, occur also in 
the life cycle of the organism isolated from nodule of Crotalaria 
juncea. These changes occur both in solid and in liquid media. 
The coccoid bodies have been observed both in the non-motile 
(“ Pre-swarmer and the motile (“ Swarmer ”) stages. These 
are succeeded by the short-rod stage, which eventually gives rise 
to the banded (vacuolated) forms. The outset and duration of 
these stages varies with the composition of the media. 

L. N. Gangulee. Studies on the Lucerne Nodule Organ- 
ism (B. radicicola) under Laboratory Conditions/* Annals 
of Applied Biology, 192C, Vol. XII., pp. 360-373. 

It is observed that on whatever media the organism is grow- 
ing, whether in liquid or agar or in soil, the various stages of the 
life-cycle are found to occur simultanev)usly, but in varying pro- 
portions. The soil conditions, such as aeration, temperature, and 
the presence of certain .salts, are among the factors that determine 
which of the stages .shall be in predominance. The relative 
efficiency of liquid and solid media in bringing about the predomin- 
ance of a particular form was also studied. 

In the main, the existence of the five stages in the life-cycic 
of the organism observed by Bewley and Hutchinson is confirmed ; 
but evidence is obtained to show that under very favourable con- 
ditions the motile cocci (“ swarmer ^’) can emerge directly from 
the banded rod stage, developing fiagella even before their 
emergence, and therefore missing out the non-motile (" pre- 
swarmer ”) stage. 

The appearance of coccoid bodies was accelerated in the pre- 
sence of .sacclianjse, mannitc and phosphates (in agar media), and 
also in soil extract alone. Short rods are elongated cocci, and 
tb'iy tend to persist in media containing the ingredients mentioned 
above. 
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(h) PROTOZOA, 

LI. D. W. Cutler and L. M, Crump. The Influence of 
Washing upon the Reproductive Rate of Colpidium 
colpoda.” Biochemical Journal, 1926, Vol. XIX., pp. 
450463. 

The rate of reproduction of Colpidium colpoda under various 
external conditions was described in earlier papers, summarised 
in the previous report of this station. The present paper gives the 
results of experiments carried out to test the contention of Prof. 
T. Braiisford Robertson that a preliminary washing of the organ- 
isms before isolation would have modified the results previously 
obtained. 

It was found, however, that this was not the case, no retard- 
ation of the reproductive rate being observed. 

LII. D. W. Cutler and D. V. Bal. '' Influence of Protozoa 
071 the Process of Nitrogen Fixation hy Azotobacter 
chroococcum. ” Annals of Applied Biology, 1926, Vol. 
XIII., pp. 516-534. 

Increased nitrogen fixation by Azotobacter chroococcum in 
the presence of protozoa has been shown to occur, as previously 
described by Nasir (Annals of Applied Biology, Vol. X., pp. 
122-133). 

There is a definite relationship between the efficiency of the 
strain used, the incubation period, and the concentration of 
mannitol used. 

The feeding action of Colpidium colpoda, and Hartma7ieUa 
hyalina on Azotobacter has been demonstrated. 

The reason for increased nitrogen fixation appears to be due 
to the efficiency of Azotobacter being maintained for a longer 
period as a result of the feeding action of the protozoa, together 
with the conservation in the bodies of the protozoa of the nitrogen 
fixed by the bacteria on which the protozoa have fed. 

LIII. D, VV. Cutler, ''Methods m Soil Protozoology.'' 
Abderhalden’s Handbuch der Biologischen Arbeitsmetho- 
den. Urban and Schwartzenberg, Berlin. 

An account is given in German of the modern technique used 
for the study of soil protozoa. 

LIV. H. Sandon. "" The Methods and Present State of the 
Study of Soil Protozoa/’ Uspiechin Biologitsheskieh 
Nauk, 1927, 

In this paper a detailed account of tlie present day technique 
of soil protozoology is given, together with a brief description of 
the more recent developments of the subject. It forms one of a 
series of papers on the modern methods of soil research, edited 
by Professor Omdianski for the benefit of investigators in 
Russian-speaking countries. 
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(c) FUNGI. 

LV. F. Chodat. Recherckes ExperuuGmaies sur la Muta- 
tion chez les Cha77ipignons/" Bulletin de la Socidt6 
Botanique de Geneve, 1926, Serie 2, Vol. XVIII., pp. 
11-144. 

Out of over 80 species of fungi growTi in culture in order to 
observe the relative occurrence of genetic instability, two species, 
Aspergillus oc brace us and Fhoma alternariacearum were selected 
for detailed study. 

Aspergillus ochraceus. — From single-spore cultures, two 
strains of this fungus were obtained, one the original yellow form 
and the other, originating as a sector, a dwarfed form, producing 
a red colour in the medium. These types proved to be constant 
for many generations over a long period. Morphologically, the 
two forms were distinct in several characters. The physiological 
properties of the fungi were examined in detail and correlations 
were found between the factors —amount of nitrogen and carbon 
in the medium, the pH of the latter and the production of the red 
colouring matter. The growth of the parent form was greater 
than that of the variant on media poor in nitrogen, the latter 
requiring more nitrogen to produce less growth. This difference 
was correlated with the fertility of the yellow strain and the partial 
sterility of the red strain. 

Fhoma alteruariacearum.— From single spore cultures, five 
distinct forms of this species were ultimately obtained, which re- 
mained constant for many generations. A study was made of 
the morphological, physiological and biometric differences bctw'een 
these forms and general relations found to hold between biometric 
and cultural data were traced to physiological causation. 

The interpretation of the variations observed is discussed in 
relation to previous work on fungi, 

LVI. W.M. B. Brierley. '' Variation in Fungi and Bacteria." 
Transactions of the International Congress of Botany, 
Ithaca^ U.S.A., 1926. In the Press. 

An introductory review of the sources of information regard- 
ing the present status nf the genetics of micro-organisms is fol- 
lowed by a critique of genetic phenomena, concepts an<l 
terminokjgy in gnjups of organisms other tlian bacteria and fungi. 
These latter groups arc considered in relation to the various 
methods which may he adopted of classifying genetic data. An 
outline srliedule is presented in which a considerable number of 
data <jn variation in fungi and bacteria are arranged according 
to the time and mode of origin of the variants, their constancy 
and relation to envirimmcnlal conditions and their relation to prior 
and succeeding generations. 

LVII. R. D. Regf. '' Biochemical Decomposition of 
Ccllulosic Materials 'ivilk Farticular Rcjerence to the 
Action oj Fungi." Annals of Applied Biology, 1927, Vol. 
X(V., pp. 1—44. 

Two factors appear to control the decomposition of ripe 
cellulosic material in presence of available nitrogen. One, the 
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food or energy factor, is usually represented by pentosans; the 
other, or inhibitory factor, is always lignin. The predominance 
of the former over the latter determines the ease of decomposition. 
The results now obtained confirm the view^ put forward in 1924 
that any cellulosic material containing ;10 per cent, of pentosan 
and a relatively small amount of woody fibre can be converted 
easily into an organic nitrogenous manure. The prediction of the 
“ decomposibility ” of a material is thus possible. 

Attempts to increase the ratio of energy to inhibitory factor 
in resistant materials by the addition of carbohydrates proved 
unsuccessful. It was concluded that since micro-organisms ob- 
tained their food materials outside the tissues, they did not attack 
the tissues until the more easily available food-stuff s were 
exhausted. Thus tlie decomposition of the material was actually 
less than was possible under natural conditions. 

Mannose and galactose do not appear to form suitable food 
for the micro-organisms conc('rned in these processes, and it is 
concluded that the pentosan part of the hemi-celluloses is most 
important as microbial food. Incidentally, it is shown that Krober 
and Tollens’ method for determining pentosans is untrustworthy 
and a modification is suggested. 

A study of the relative importance of bacteria and fungi 
proves that, under the conditions of these experiments, most of 
the work is done by fungi. The high temperature (70° C.) often 
reached by manure heaps is above the range of such organisms 
as SpirochiBta cytopha^a, but one of the fungi now isolated 
flourishes at 50° C. and upwards. 

(d) ALG.K. 


LVIU. B. Muriel Bristol Ro.xch. '' On the Relation of 
Certain Soil Alg(e to some Soluble Carbon Compounds/' 
Annals of Botany, 1926, V^ol. XI., pp. 149-201. 

A method is described for obtaining pure cultures of algie 
from the soil. 

In pure cultures of soil algm on solid media, the great 
majority of species show greatly increased growth in the presence 
ul a number of different soluble organic compounds, each species 
having its own order of .selection of the compounds that have been 
tested; a few species do not behave in this way, and are possibly 
completely autotrophic in nutrition. 

Pure cultures of several soil species in liquid media containing 
glucose show’cd that the best estimate of the growth of a unicellu- 
lar alga may be obtained by making daily measurements of the 
average size of the cells and of the number of cells per unit volume 
of liquid, and by calculating from tliese data the bulk of algal 
protoplasm present. The logarithmic values of the bulk when 
plotted against time lie upon a straight line within the limits of 
experimental error for a limited period of growth ; the slope of 
this line (i.e., the tangent of the angle which it makes with the 
horizontal axis) may be taken as a measure of the rate of growth 
of the organism in the given medium. 

The growth of the alga Xcenedesuiu.s' costulatus^ ChoJ., var. 
chlorelloides, nov. var., has been studied quantitatively in liquid 
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media containing- mineral salts and 1 per cent, of certain soluble 
organic compounds. In the glucose medium, the degree of variance 
ot the observed values (logarithmic) from the calculated straight 
line of nearest fit is shown to be greatly reduced by rigorous 
control of light and of temperature, and by continuous aeration of 
the medium. In this medium the organism is able to grow in the 
dark, retaining its green colour. There is some reason to believe 
that the rate of growth In the dark may be approximately equal 
to the dilference between its activities in the light in the same 
medium and in that with mineral salts alone. In certain media 
containing substances less favourable to the growth of the organ- 
ism, the degree of deviation of the observed values from the 
straight line is greater than in the glucose medium. With 
maltose there appears to be an initial ‘‘ lag” period preceding 
the straight-line period of growth. In mannite there are con- 
spicuous fluctuations in the growth rate due to death of the young 
cells. Xylose is completely toxic to the organism under the con- 
ditions observed. 

The relative average rates of growth in the different media 
may be expressed quantitatively, as follows : Glucose in the light 
100 per cent., maltose 100 per cent, preceded by a ” lag ” period, 
galactose 94 per cent., sucrose 84 per cent., fructose 73 per cent., 
mineral salts alone GO per cent., glycerine 43 per cent., glucose in 
darkness 40 per cent., mannite 13 per cent., xylose 0 per cent. 

In those media that are completely favourable to its growth, 
the increase in bulk of Sccncilcsiims costulatus, Chod., var. 
chlorcUoides, follows the same laws as a simple exponential 
curve, for a limited period of time. 

LIX. B. Mcrjki. Br[Stoi. Roach. Methods for Use in 
Studying the Algae of the Soil.” in Abderhalden — Hand- 
buch der biologischen Arbeits-methoden, 19*26. 

Details are given of a cultural method for estimating roughly 
the numbers of alga* (Chlorophyceae and Diatoms only) in the 
soil. Methods are also described for the isolation and cultivation 
of soil algae in (a) impure and (h) pure cultures, and suitable media 
are recommended for use. An account is given of a special 
method for estimating quantitatively the effect of any condition 
or chemical compound on the rate of growth of a unicellular soil 
alga, the rate of growth being regarded as an index of the 
metabolism of the organism, 

Metluids are also described for studying the biochemical 
activities of pure cultures of alg® under the following headings - 
(1) Decomposition of protein (gelatine); (2) Fixation of nitrogen; 
(3) Transformation of insoluble mineral substances into soluble 
forms. 

' . THE PLANT IN DISEASE; CONTROL OF DISEASK. 

(Entomological, Insecticides and Fungicides, Mycological 
Departments.) 

(rt) rNS^:CT PESTS AND THEIR CONTROI.. 

LX. W. M. Davik.h. '' On the Tracheal System of Coikm- 
hold nvith Special Reference to the Species Sminlhurus 
viridis.” Quarterly Journal of Microscopical Science, 
1927, Vol. CXXL.'pp. 15..30. 
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No extensive study of the tracheal system of Collembola has 
previously been made. The general plan of the tracheae has 
been worked out on Sminthurus viridis ; two independent systems 
exist. The presence of only a single pair of spiracles constitutes 
a unique condition among adult insects. The position of these 
is in the anterior region of the prothorax and not in the head as 
previously believed. The structure of the spiracles is extremely 
primitive and they possess no closing apparatus. The tracheae 
branch dichotomously, but no anastomosis exists betw^een the 
systems of the two sides of the body. Taenidia are present, but 
no “ transition cells ” have been observed, and the fine tracheae 
terminate in unbranched tracheolcs. The initial entrance of air 
into the tracheae is through the spiracles; the displacement of 
fluid is very slow and the whole system is not completely filled 
vvith air until about 14 days after emergence from the egg. 
Tracheae are found to be a constant feature in all members of the 
Sminthurinae examined, \-arioiis methods of technique adopted 
are given. 

LX I. VV. M. Davies. Colletnhola Inju ring Leaves of 
Mangold Seedlings/’ Bulletin of Entomological 
Research, 102G. Vol. XVII., pp. 159-162. 

Damage to seedling mangolds due to the CoIIembolan Bour- 
lefiella hortensis Fitch is occasioned by the insects collectively 
perforating the leaves and the excessive bleeding that ensues. 
In the particular infestation studied the number of insects per 
acre worked out at about 1,500,000. Other hosts of the same 
insect were found to include groundsel, goosefoot and red-shank. 
During dry weather the insects were most numerous in early 
morning when the leaves are moistened with dew. Control 
methods were tested, including the trailing of paraffin-soaked 
sacks over the crop, llie repellent effect of the paraffin proved 
evanescent owing to rain, and the dragging of tarred sacking hung 
between two wheels which were fastened together with long cross- 
bars was resorted to. By taking advantage of the leaping powers 
of the insect in this way the method proved completely successful, 
and enormous numbers of Collembola wore trapped on the adhe- 
sive surface of the tar. No further control measure appears 
necessary, and a permanent movable contrivance, that can be 
used whenever occasion demands, is described and figured, 

LX 1 1. J. Davidson*. '' Bi'c/og/cal Studies of Aphis rumicls 
Linn. Factors Affecting the Infestation of Vicia faba 
with Aphis rumicis. ” Annals of Applied Biology, 
1925. Vol. XIL, pp. 472-507, 

Experiments were carried on during four years under con- 
trolled experimental conditions, and lead to the following con- 
clu.sions. 

Temperature influences the developmental period of the aphids 
and the number of young produced daily, thereby affecting the 
number of aphids produced in a given time. 

On beans grown in sand watered with tap water fewer aphids 
developed in a given time than on beans grown in sand watered 
With normal culture solution, indicating a nutrition effect on the 
aphids. 
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On beans grown in sand watered with normal culture solu- 
tion an increased number of aphids developed in a given time 
compared with beans grown in soil watered with the same solu- 
tion, indicating the effect of the soil medium on the plant and the 
nutrition factor for the aphis. 

Beans grown under varying daylight intensity gave varying 
degrees of increase in the number of aphids in a given lime, 
indicating again a nutrition effect on the aphids in that the least 
number developed on the plants receiving the least amount of 
daylight. 

On beans which were young and had not reached the flower- 
ing stage when infected in June the number of aphids which 
developed in a given time was uO per cent, greater than on bean 
plants which were six weeks older and were setting pods. 

On certain varieties (ff field beans the number of aphids which 
developed in a given lime varied considerably, indicating that 
some varieties were more susceptible to infestation than others. 

LXIH. J. D.widsun. “ On the Occurrence of Parthena- 
genetic Intermediates in Aphis rumicls L. and Their 
Relation to the Mate and Apterous Viviparous 
Femah’sM journal of the Linnean Society (Zoolog}'), 
ltl->7. Vol. XXW I., pp, 4r)7-l77. 

During rearing experiments with Aphis rumicis 21 viviparous 
forms have been ret'orded which exhibit morphological characters 
intermediate between the apterous and alate parthenogenetic, vivi- 
parous females. Certain of these forms were reared and, in their 
behaviour, as regards the offspring they produced, they resembled 
the apterous members of the same generation rather than the 
alate members. The evidence obtained indicates that the occur- 
rence of apterous forms in the parthenogenetic generations of this 
species is influenced by certain physiological conditions. 

LX IV. J. D.wmdson. " The Sexual Parlhenogenetic Gene- 
rations in the fJfe Cycle of .\phis rumicis L.” Ill 
Internati(mal I’hitomologic al Congress, Zurich, 

Vol. II., pp. 4.V2-1.^7. 

A single strain of the black bean rj<mici.9 L. has been 

reared for 4 years on broad beans (Vicia faba) with the spindle 
tree (K/jonynia,? cnropa iis) as the winter host. Sexual forms were 
obtained on beans and on Lunnymiis and eggs were laid on both 
plants, but preferably on luionymiis. Sexual females and males 
appeared in the colonies on various dates from September to May, 
but no sexual forms were recorded during the period June to 
.September. Certain individuals in the colonies continued par- 
thenogenetic reproduction in the greenhouse ihrtmghout each 
w'rjter and in addition sexual forms developed on various dates. 
1 he period in which the sexual forms developed indicates an 
adaptation to a peri<jdic seasonal rhythm and factors of tempera- 
ture associated with plant growth (nutrition) exert an influence !)} 
favouring or restricting their appearance. 

LXV. C. T. CiiMiNcuiAM. '' On Ike Presence of an kflP" 
burster in Aphididie.'* Transactions of the Entomo- 
logical So('iety, IffSo, pp. 585-7)90. 
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The eclosion of the embryo fundatrix of Amphorophora lac- 
tucce, Kalt. from the winter egg is described and the presence of 
an egg-burster noted. 1 he organ is seen as a dark brown chiti- 
nous toothed ridge over the vertex of the head and extending 
backward as far as the eyes; it is attached to an embryonic mem- 
brane and is left behind with this membrane on complete emer- 
gence of the young- insect. .Similar structures were found on 
embryos of Fhorodon hiimuli^ Schr. and Aphis pomi, DeG. 

LXVI. F. Tattersfield, C. T. Gimincham and H. M. 
Morris. Studies on ('ontact Insecticides. Part IV. ' 
A Quantitative Examination of the Toxicity of Certain 
Plants and Plant Fruducts to Aphis rumicis, L. (The 
Bean Aphis)." Annals of Applied Biology, 1 920. V'ol. 
XIII., pp. 424-445. 

An account is given of laboratory experiments on the toxicity 
to Aphis nirnicis L. of extracts of a considerable number of plants, 
including^ some tropical fisli-poisons, Lupins, Broom, Gorse, 
Lobelia and others. 

Alcoholic extracts of certain tropical plants used as fish- 
poisons are shown to liavc a high toxicity under the conditions of 
the experiments. 'I'lic roots and stems of White Haiari, and the 
stems of Black Haiari (both species of Lonchocarpus from British 
Guiana), the roots of Tephrosia ioxicaria and the leaves of T. 
vogelii, all possess notable insecticidal properties. The roots and 
stems of T. Candida arc less toxic. 

Preliminary experiments indicate that the Haiaris and T. 
vogelii and T, ioxicaria, when tested as stomach poisons, exert 
both a repellent and toxic action to caterpillars. 

Certain dcri\ativcs isolated from these plants were tested. 
The most toxic substance obtained from the Haiaris is shown to 
be identical with tuba toxin, the crystalline poison found in Derris 
elliptica. Tubatoxin proved to be several times more toxic than 
nicotine. In the case of Tephrosia vogelii and T. io.xicaria, the 
most toxic substance isolated was resinous in nature. Crystals 
closely corresponding to Icph rosin, as isolated by Hanriot, were 
less toxic. 

A number of alkaloids was nlsi^ investigated, Cytisine and 
lobeline, known to have a pliysiological action similar to that of 
nicotine, were found somewhat less toxic than nicotine to aphides. 
Eserine was the oniv other alkaloid tested wliicli approached nico- 
tine in toxicity. 

LXVH. C. T. Giminoham, A. M. Massee and F. T.mters- 
FiEED. .4 Quantitative Exaniinaiion of the Toxicity 
of 3 : and Other Compounds to 

Insects* Eggs, under Lahoraiory and Field Condi- 
tions/* Annals of Applied Biologv, 1920. Vol. XIIL, 
pp. 446-466. 

The toxicity of 3 : 6-dinit ro-o-cresol and its sixiium salt to 
eggs of the moth, Selenia tetral unaria Hufn, has been determined 
quantitatively under controlled conditions in the laboratory. Tlie 
figures obtained confirm earlier results and show (a) that these 
compounds have a very high toxicity to insect eggs, and (b) that 

F 
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the sodium salt of dinitro-o-creso! is only slightly less toxic than 
dinitro- 0 “cresol in the uncombined state. 

Preliminary work indicates that dinitro-o-cresol is also highly 
toxic to insect eggs of a more resistant type than those of S. 
tetralunaria. 

Spray fluids containing dinitro-o-cresol or the sodium salt 
showed a high efficiency against eggs of the Hop-Damson Aphis 
{Phorodon htmuli Schr.) on plum trees on a larger scale under 
field conditions. The trees sprayed with these compounds 
remained almost free from apliids during the following spring 
when the control trees were badly infested. 

A quantitative method for judging the results of the field 
experiments was \\x)rked out. This involved recording details of 
large numbers of eggs on selected shoots on sprayed and control 
trees before and after spraying, a numerical measure of the effect 
of the various treatments being thus obtained. The method gave 
consistent and reliable results. 

The spray fluids containing dinitro-o-cresol and its sodium salt 
had a marked cleansing effect on the trees. No injury to the trees 
was observed. 

LXVTII. D. M. T. Morland. On the Microscopic 
Examination of Bees for Acari,*' Annals of Applied 
Biology, 1926. Vol. Xlll., pp. 502-505. 

The discovery by Rennie and his collaborators of the mite 
which causes one form of adult bee disease, renders desirable a 
quick method of dissection to facilitate detection of the parasite. 
The method described allows of the whole of that portion of llie 
thoracic tracheal system which is liable to invasion by the mite 
to be exposed to view. 

(b) FUNOUS PESTS AND THEIR CONTROL. 

LXIX. W. A. Roach and VV, B Rrierley. Further 
Experiments on the Use of Sulphur in Relation to llhi ri 
Disease of Potatoes/’ Annals of Applied Biologv, 
1026. Vol. XIII., pp. 301-307. 

Plots of light sandy soil at Ormskirk carefully fenced in to 
prevent rc-contamination were treated with sulphur at rates of 
10 cwts. and 15 cwts. per acre. The sulphur was incorporated 
by means of the “ Simar ” Rotary Tiller, kindly loaned by the 
Piccard Pictet Company. A planting of King Edward and a re- 
planting of Arran Chief varieties in the treated plots almost ct»m- 
pletely failed to grow. On the few plants which developed, W'art 
Disease was present in less quantity than on the plants in the 
untreated controls. 

A plot of heavy clay soil at Hatfield was treated whh .3 tons 
of sulphur per acre incorporated by means of the Riniar Rotary 
Tiller. Plants of King Edward variety grew well, but showed a 
considerable amount of wart disease. 

Plots of land at Ormskirk which in 1924 had received amounts 
of sulphur varying up to one ton per acre were in 1925 giv(‘n u 
dressing of lime and planted with Majestic variety of p<itaii'<''. 
No effert of the previous treatment on the crop was apparent. 
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LXX. Mary D. Glynne, Wart Disease of Potatoes : 
The Development of Synchytrium endobioticum 
(5cMi6,) Pera, in ' Immune ' Varieties.'' Annals of 
Applied Biology, 1926. Vol. XIIL, pp. 358-359. 

By an infection method previously described small protube- 
rances and surface irregularities were obtained on the shoots of 
six different “ immune ” varieties of potato. These did not seem 
to develop further or to produce ordinary warts, but microscopic 
examination showed that infection by Synchytrium endobioticum 
had taken place. Its development up to the liberation of the 
summer sporangia has been observed, but its further develop- 
ment, that is reinfection by zoospores from summer sporangia 
and the formation of winter sporangia, has not been detected. 

LXXI. Mary D. Gcvnnj:. The Viability of the Winter 
Sporangium of Syneiiytrium emdobiotlcum {Schilb.) 
Fere., the Organism Causing Wart Disease in Potato/' 
Annals of Applied Biology, 1926. Vol. XIII., pp. 
19-36. 

A staining method for testing the viability of the winter 
sporangia of Synchytrium endobioticum is described. The 
sporangial contents arc pressed out into acid fuchsln or after 
treatment by a strongly alkaline reagent int(3 methylene blue. 
The staining reactions have been correlated with the results of 
infection experiments in pots. Sporangia which, like the controls, 
stain faintly, produce a high percentage infection and are therefore 
alive. Those wliicli stain deeply and rapidly produce no Inlection 
and arc presumably dead. There is an intermediate group in 
which some sporangia stain deeply and some are intermediate in 
reaction. This group tends to give less infection than the con- 
trols. 

A method wliereby sporangia wliich have been treated in soil 
may be extracted without affecting their viability is described. 
The method depends on the dilferenoe in specilic gravity of 
sporangia, which has been determined as about 1.17, and of soil 
wiiich is in the region of 2.5. The sporangia arc extracted by 
means of chloroform (sp. gr. l.o approx.), which docs not affect 
their viability. 

A study of the relation of temperature, time and viability 
shows that treatment for 5 minutes at 90^ C,, Jo minutes at 
800 c., 1 hour at W C., and S hours at 60*^ C., have a s'lmWar 
ell'ect in kiWing a\\ the sporangia. 

LX XI I. S. DrcKiNSox. '' A Simple yfclhod of Isolaiing 
and Handling Individual Spores and BadcriaW Annals 
of Botany, 1926. Vol. XL., pp. 273-274. 

The method described consists of holding the bacteria in a 
film of water and then moving one of them to another part of that 
film by means of a local thickening, the whole process being 
observed tli rough an oil immersion lens. 

In practice the film of water used is that on the surface o a 
layer of agar on a coverslip, while the local thickening is t>btamc 
by bringing a fine glass rod in contact with the agar, an en 
withdrawing it slightly, so forming a column of water; it is in tnc 
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column so formed that a bacterium is carried to another part of 
the agar and that part is cut off and put into the new culture 
tube. The glass rod is capable of fine adjustment in all direc- 
tions, being mounted on a three movement machine clamped to 
the microscopic stage, which is called an Isolator, being made for 
tlie purpose by Messrs, Ogilvy & Co. 

With this instrument it is possible, starting from a culture, to 
isolate a single bacterium and transfer it to a fresh test tube in 
from 3 — 5 minutes. 

LX XI I. (a) S. Dickinson. "" A Method oj Isolating and 
Handlmg Individual Spores and Bacteria." Proceed- 
ings of the Royal Society of Medicine, 1926, Vol. 
XIX., Section of Pathology, pp. 1-L (See preceding 
paper for abstract.) 

LXXIII. S. Dickinson. " Experhucnts in the Physiology 
and Genetics of the Covered Smuts of Oats and Barley. 
Hyphal Fusion." Proceedings of the Royal Society, 
1927. Ser. B., Vol. 101, pp. 126-136. 

The cytology of tlie Covered Smuts of Oats and Barley in 
pure culture has been investigated, and the fusion, both within 
and across the species investigated between the mycelia of dif- 
ferent “ gender ” derived from single sporidial isolations, is 
described, Tlic fusion hypha is binuclcale, and nothing has been 
seen which suggests that nuclear fusion occurs. The binuclcale 
fusion-hypha gives rise to uniiuicleatc hyphse whicli are of different 
gender, these being produced at different ends of tlie fusion hypha. 
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LXXV. J’ BtJSSKLL, “ Jhe Place of Science in Rural 
Life. 1 ransactions of the South-Eastern Union of 
Scientific Societies, 1926. 

LX XVI. E. J, Russell. Investigations in Agricultural 
Science at Roikanisted/' Journal of the Royal Society 
of Arts, 1926. Vol. LXXIV., pp. 346-359. 

LX XVI 1. E. J. Russell. '' Agricultural Science and 
Arable Fanning in 1925.’’ National Farmers’ Union 
Year Book, 1926. 

LXXVIII. E. J, Russell. " Field Experiments : How they 
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ture, 1926. Vol. XXXIII., pp. 503-513. 
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XCI. H. Lloyd Hind. '' Analytical Results ; Appendix to 
Third and Fourth Reports on the Influence of Soil, 
Season and Manuring on the Quality and Growth of 
Barley of the 1923 and 1924 Crops, as Indicated hy the 
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XCV. E. J. Rcssell. Soils and Manures." Agricultural 
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1925. V'ol. LX., pp. 181-187. 

XCVH. B. A. Keen. 'The Use of the Dynamometer iu 
Soil Cultivation Studies and Implement Trials." 
Journal of the Royal Agricultural Society of England, 
1925. Vol. LXXXVL, pp. 30-43. 
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those several branches. Experience, however, has borne out that 
.success in any branch of applied science is dependent upon a 
thorough grasp of the principles of that science. In this connec- 
tion, therefore, it is hoped that the present wxjrk will find Its place 
and be found of value to workers in Applied Entomology scattered 
throughout British Dominions. 

Sandox, II. ” The Composition and Distribution of the Pro- 
tozoan Fauna of the Soil/’ 1927, (Biological Mono- 
graphs and .Manuals), Oliver & Boyd. Edinburgii* 

15/.. 
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In this volume the scattered records of the occurrence of pro- 
tozoa in soils are collected together and compared with the obser- 
vations made at Rothamsted, with the object of analysing the 
factors influencing their distribution and abundance in the soil. 
Descriptions are added of most of the forms known to occur, with 
keys for their identification and figures of many of the commoner 
species. 

Russell, Sir E. J. Plant Nutrition and Crop Production " 
(being the Hitchcock Lectures, 1924, University of 
California). The University of California Press and 
the University Press, Cambridge. 12/6. 

Russell, E. J. Soil Conditions and Plant Growth/' 
Fifth Edition, 1926. Longmans, Green & Co., il9 
Paternoster Row^ London, E,C.4. 18/-. 

“ A Descriptive Catalogue of Printed Books on Agriculture 
from 1471 to 1840, contained in the Rothamsted 
Library." 1925. Cloth cover, 12/-; paper cover, 
10 /-. 

This catalogue deals with the 1,500 books in the Rothamsted 
Experimental Station Library published between the years 1471 
and 1840 on agriculture and related subjects. It includes bio- 
graphical notices, compiled by Miss Aslin, of the authors, and 
short descriptions of the more important books with illustrations 
of those of unusual interest and rarity. Besides the list of authors 
there is a chronological list of the books, arranged under coun- 
tries, of great importance to students of the history of agriculture 
and made interesting to the general reader by Miss A si in’s notes 
on contemporary events. This is the first time the chronological 
information has been available in such complete form. 
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THE FARM 6? CROP RESULTS 

OCTOBER, 1924 TO SEPTEMBER, 1925. 

'rhe outstandings features of the season under review were the 
wetness of the autumn and winter, and the long and practically 
unbroken drought, from the beginning of June till mid July. 

Following an exceptionally wet season, October turned out 
mild, dull and wet ; the rainfall of 4.28 inches, being 1.19 inches in 
excess ot the average. Wheat and winter oats were drilled under 
fairly good conditions on such land as wtis ready. Elsewhere, 
cultivations were greatly hindered by the weather, ploughing was 
frequently stopped, and potato har\'cst was slow and difficult. By 
the end of the month the land was so sodden that the Broadbalk 
drains ran after every shower. Similar conditions continued in 
Nov*ember, when the rainfall was again above average. The 
weather was generally mild, but a few frosts helped to condition 
the land, and, taking advantage of this Broadbalk was drilled 
on the Gth. December was unusually warm, the mean temperature 
being .3.7° above normal, and the rainfall again exceeded the 
average, so that in the first quarter of ihe farm year the rainfall 
was 3.21 inches In excess. During the latter part of the month, 
cultivation became impossible, and water stood on the land after 
rain. January remained mild, and brought drier weather, and the 
winter cereals began to improve. Stubble ploughing was pushed 
forward, but the land came up very sticky, and needed frost badlv. 
d'lie improvement was only temporary, for February, with 3.91 
inches of rain, doubled the normal rainfall. 

Oats were drilled under rather wet conditions on lOtli, and 
beans were sown in a better seed bed on 19lh. Work then came 
to a standstill, and surface w.iler stood on the land on 2.5th and 
26 ih. In spite of tlu‘ rain, corn and young seeds had come through 
the winter betlej- than migiit ha\e been expected, possibly owing 
to the lact that the weather had praeflcally always been mild. 

The change came in March. A dry month, with frosty nights 
and periods of l)iting winds, made a marvellous change in the 
sodden furrows. Spring corn was drilled under conditions whicli 
had seemed impossible a montli before. Similar conditi<ms persisted 
with April, which was late, and cold, but fairly dry, and cnahKd 
the sowing of spring corn and clover to be completed. The cold, 
sunless weatlier »)f the last two months, however, had g'iven no 
stimulus to winter cereals or g»Tass, which were still Ijackward. 

'Die biting weather of Marcli and April continued for the 
first week in May, and was followed by the first hot weather ol 
the year. By the 1 0th, the ground had become so dry that the 
yf>ung clover began to suffer, but the last week of the montli was 
' ooler and showery ; the growth (jf all crops was rapid, and wheat 
made a wonderful recovery where it had wintered badly. Jane 
1)1 ought in a drought which lasted for aljoul 7 weeks, only .1 2 iaeli 
of rain fell in the month and the ground was never wet. Winter 
corn did well, althfuigh oats showtM a tendency to ripen pi‘‘- 
maturely. Barley was rather short in the straw, hut otherwise 
unharmed. Hay was secured In excellent order without a cIuh'I'i 
but under sown crops anri .swedes were at a standstill. .Mneli 
cleaning was done in the roots and fajlows. The drought con- 
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tinued for the first half of July, but the ]ast fortnight of the month 
brought no less than 4.08 inches of rain, an amount which exceeded 
the whole month’s rainfall at any of the crop reporting stations of 
the Ministry of Agriculture. The rain came just in time to save 
most of the undersown crops. Mangolds had, by this time, 
received a definite check when grown without dung, and swedes 
were a failure. Winter oats cut immediately before the rain, 
sprouted in the shocks in four days, and the ripening of the other 
cereals was delayed. August was dull and show-ery, and straight- 
forward harvesting was never possible, although the bulk of the 
corn was got in during the month. The last week of the month 
was particularly wTt, and carting and .stubble ploughing were 
stopped. The conditions of August were intensified in September, 
there being more rain and less sunshine. 

A trying harvest was completed on the 12th. Owing to the 
nature of the weather, a good deal of damage to the corn occurred 
in the field. Oats sulfcred most, wheat was rather soft, and 
barley only in fair condition. Yields were satisfactory ; early sown 
winter oats and wheat yielded G8 and 10 bushels per acre, respec- 
tively, the barley on Foster’s field and spring oats on Stackyard, 
gave 48 and 40 bushels per acre. Late sown swedes made more 
leaf than bulbs, afterniallis grew rapidly, but conditions for 
making the second cut hay were had. An extraordinary germina- 
tion of weeds look place on the stubbles, but the increasing wet- 
ness at the end of the month, gave no immediate prospect for 
clearing operations. Owing to the long drought, the season had 
been a bad one for roots, but lifting was favoured by the dry, 
hard weather of October and November, and the crop was got 
up and stored in good condition, and with no damage to the land. 
Swedes on West Barniicld failed completely over some of the 
area, mangolds, grown without dung-, yielded a poor crop, but, on 
Stackyard field, dunged mangolds gave 25 tons per acre, and 
turnips, 17 tons. 

OCTOBER, 1925, TO SEPTEMBER, 1926. 

A hard winter, late spring, and an unusual amount of lodged 
corn at harvest time were the out. standing points of tlic season. 
The farm year opened well, with a warm, dry fortnight, giving 
excellent conditions for stubble cleaning and handling ihe second 
cut hay. Winter oats and a soiling mixture were got in well. 
The weather then became rather iinseltled, so tiiat the wheat was 
drilled under wetter conditions, but work in the root fields was 
not seriously hindered. 

By the beginning of November, wlieat was being ploughed 
in on Gt. Harpenden field, in order to‘ pusli on with the sowing 
on land too sticky to drill. Hard conditions soon set in, however, 
and tlic month was unusually frosty. Ground frosts were recorded 
on 18 occasions, and on the Mth, and iTth, there were 12 and l-> 
degrees of frost respectively. Broad balk, the sowed area reducetl 
to four acres this season on account of fallowing operations, was 
drilled in a favourable period on 25th, and then snow fell and 
stopped work on the land for the rest of the month. Tike tlic 
previous month, December turned out colder, drier and brighter 
tfian usual. The first half was a continuation of the frosty 



92 


weather of November, and from the 2nd to the 6th inclusive, the 
grass minimum ranged from 22^ to 17^ F. During this period 
little could be done, and when rain came with the thaw in 
the middle of the month, work was confined to stubble ploughing. 
A brief period of frost set in again at Christmas, and the montii 
finished warm, damp and muggy. January was a wet month 
with an exceedingly severe mid-period. The rainfall was l.llin. 
in excess of the average, while the air minimum of 4*^ F. regis- 
tered on the 17th was the lowest recorded at any of the crop 
weather stations of the Ministry of Agriculture during the month. 
When the air temperature was 4^ F., the grass minimum under 
the snow was only 2U® F. Ploughing continued till the snow 
came on the lihh, wTen no further work was possible till the 
29lh. The outstanding feature of February was its mildness, the 
mean temperature of 44^F. being no less than a.o^F. above the 
normal. I'he month was unusually dull, only 41 hours of sunshine 
being recorded. I'lie rainfall was also rather above the average. 
The first three weeks were too wet for seed bed preparation, wheat 
was yellowing, and grass and clover made no growth. 

In the drier period of the last week, spring oats were got in 
under fairly good conditions. Mfinter oats w-hich had made no 
headway for the past three months began to show definite signs 
of improvement by the end of the month. 

March, like tiie same month of last year, was very iavourablj 
for spring work. Tlie rainfall of .21 in. was 1.77in. below the 
average, and the lowest recorded by any of tlie crop reporting 
stations. I'he period was also warmer and sunnier than usual, but 
the nights were \erv cold and l(i ground frosts were registered. 

The drying winds and general conditions were highly favour- 
able to spring cleaning, and much work was put into Stackyard 
field during the month. \ew’ Zealand field and West Barn field 
were ploughed for the second time and drilled with barley on a 
rather rough tilth, the rest of the barley being held back in ot'der 
that rain might soften the clods. The drought of March contlnuetl 
into April, and began to be lelt, especially by germinating sced.s. 
It was broken by 4 in. of rain on J^th of the month, but the w'eather 
remained dry for a further week. I'he last fortnight of April 
was wet, and work began to be hindered at the end of the month, 
for by this lime the rainfall was lin. in excess of normal. Great 
Hoos was diilied, Great Harpenden undi-rsown, and potatoes were 
planted under excellent conditions during the month. Winter corn 
began to improve and answrr lo lop dressings, tlie rather uneven 
plant of Man'll barley filhal up hv later germinations and young 
clover made a very good plant. May was an unusually cold lat<' 
month, and provided a fortnight of biting winds which eainsed llu’ 
corn to yellow’; a milder period followed, but without any summer 
weather. Barley wais injured by the ('Jild, hut spring <ia1s seenud 
more resistant. Root tilths were diflicult owing to tin* heavy rains 
of late April. Cold showery weatfier persisted for liic first hah 
of June, Conditions were bad for hoeing and all crops needed 
sun. An «altack of spring tails on Barnfiehl mangokLs was favoured 
by the showery w’eather, and w’ns only controlled by energetic 
sweeping with tarred sacks. .An tarly start w’as made with the 
hay, but progress w'as slow. The second half of June was drier 
and warmer. All the wheal, except that on Little Hoos, showed 
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bad attacks of yellow rust. On the whole in spite of rather un- 
pleasant weather, the crops had made favourable progress during 
the month. The first fortnight of July brought some real summer 
weather which was badly needed for hoeing and hay-making, but 
dull wet conditions set. in for the second half of the month, and 
the heavy rains and gusts at Ihis period were responsible for 
the widespread lodging of crjrn which was a feature of the season. 
Winter oats on Long Hoos and the barley on West Barn and New 
Zealand fields were badly laid. Wheat and spring oats made 
standing crops. Prospects were good for roots, but mangolds 
wanted sun. A feature of the past four months had been their 
extraordinary dullness, the period April— July inclusive showed a 
sunshine deficit of no less than 180 hours. 

August did nothing to redress the balance of sunshine, but 
was remarkable for its dryness. Only 1.1 Oin, of rain fell, which 
was the lowest figure registered at any of the crop reporting sta- 
tions for the month. Had it not been for the lodged crops, harvest 
would Iiave been secured in record time. As it was, some of 
the barley was not carted by the end of the month. September 
opened with l^in. rain in the first week and caught the dead ripe 
barley in shock, and some of the corn sproiiied in the moist, warm 
period which ensued. The remainder ol tlie niontli was hot and 
bright, and harvest was completed by the loth. Potato digging 
and stubble cleaning commenced under very good conditions, and 
some second cut hay was made. \Mteat was the best cereal crop 
of the year. Rye was satisfactory. Oats and barley, although 
they had the appearance of good crops in the field, threshed out 
badly. Potatoes started late and were checked by the dry spell 
in August, but they yielded well, 10-11 Ions per acre, where they 
were completely manured. The crop was Irce from disease, but 
was only about one-lialf ware. Swedes did well, but mangolds, 
although fairly good, never seemed really to do justice to the gene- 
rous treatment they received. .Meadow hay responded well to 
spring cultivation and nitrogenous top-dressing, and gave a satis- 
factory crop. 
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WOBURN EXPERIMENTAL FARM 

REPORTS FOR 1925 & 192G BY Dr. J, A. VOELCKER. 
Season 1924-6. 

The season 1924-5 was very abnormal. The autumn and 
winter were wet, and the spring markedly deficient in sunshine. 
Crops struggling against these adverse influences were not able 
to withstand the drought that came later in June and July. This 
period, however, helped in making the hay crop. The weather 
broke before harvest, which was conducted under difficulties, some 
of the grain sprouting in the sheaves. The wffieat crop never 
recovered from its early bad start, and, although the barley was 
sown in better conditions, it could not withstand the drought, and 
was especially short in the straw. Of the roots, mangolds and 
potatoes did fairly w^ell, but swedes, that could not be drilled until 
the end of July, w^ere naturally a failure. 

The wet winter markedly afl'ccted the soil conditions. On 
Stackyard Field in January, 1925, the nitrate of soda plots (3, G, 
9) and the farmyard manure plot (lib) were wet and sticky, while 
the sulphate of ammonia series (2, 5, 8) w'ere comparatively drv 
and friable. Differences were also observed in the young plants, 
those on the sulphate of ammonia being much superior. Later on 
these differences w'cre reversed as the familiar effects of soil acidity 
began to show. I'he abnormal soil conditions were also evident 
on the area of Stackyard Field intended for swedes. Although 
the land is a light sandy loam, the ploughed land dried into clods 
that became hardened in the June drought, and no satisfactory 
seed bed could be prepared. 

Season 1925-6. 

The season 1926 was one of a distinctly mild character, wiih 
an average rainfall, but a deficiency of sunshine. 

ffhe period of autumn sowing w'as quite favourable; there 
was a little frost in Dccctuber, 1925; March, 1926, was a singu- 
larly dry month, but April, May and June were all very unsettled, 
with prolonged cold periods and absence of warmth. July and 
August were fair and warm, and the early harvest was got in in 
good condition. Intervals of fine and wet weather followed, and 
the rest of the harvest was gathered W'itli difficulty. 

RAINFALL. 
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FIELD EXPERIMENTS. 

1. Continuous Growing of Wheat [Stackyard Field). 

1925 [i^th Season). 

Farmyard manure. (g-iving 100 lb. ammonia per acre) was 
spread and ploug-lied in (plot 11b), November 7th, 1921, and 
“ Yeoman ” wheat— 12 pecks per acre— was drilled on November 
18th, 1924. Rape Dust was given to plot 10b and the mineral 
manures to the several plots on llie same day. A fair plant of 
wheat came up, and displayed in January the marked appearance 
already described. 

Coltsfoot appeared thickly on the nitrate plots, and by the 
middle of March the crop began to fail on the sulphate of ammonia 
plots. By May the farmyard manure plot had to some extent 
recovered. The first top-dressings of sulphate of ammonia and 
nitrate of soda were given on June 9th, and the second dressings 
on July 16th. The crop was cut August llth— Uth, carted and 
stacked August 16th, and threslied early in December. The 
results are given in Table I, 

The yield was a very miserable one, and worse than the poor 
crop of 1924, wliich was the previous lowest record. The 
unmanured produce was only 2 bushels per acre, and the highest 
yield G.8 bushels per acre, whereas in 1924 it was 18 bushels. 

With results so low as those shown in Table I, there is little 
point in discussing the figures in detail. Despite their bad start, 
the nitrate of soda plots turned out superior to the sulphate of 
ammonia ones. The highest crop was 6.8 bushels of corn per 
acre with nitrate of soda (50 lbs. ammonia per acre) alone, the 
farmyard manure (5.9 bushels) coming next; these two plots also 
gave the highest yields of straw. 

1026 (50//i .SVfl^an). 

Farmyard manure, as in the previous year, was spread, and 
ploughed in, October ]3tli, the quantity being 4 t. 12 c. 2 qr. 
20 lb. to the acre. Mineral manures and rape dust (403.2 lb. per 
acre) were applied October lOtli, “ Yeoman ” wheat — 12 pecks to 
the acre— having been drilled October 14th — 15th. The wheat 
came up well, and even the usually “ weak ” plots (such as 8a, 8b) 
looked better than usual. The plot 2b (last limed in 1897) still 
continued to show clearly the influence of lime ; on the other hand, 
the expected failure of 5a (where no lime had been given) did not 
materialise. The farmyard manure plot (11b) was the best of the 
series, and the rape plot (10b) not greatly inferior. 

The first top-dressings of nitrogenous salts were applied on 
March 27th, the second on June lOth. Through an error the 
whole amount for plot 6 was put on one half of it only, while the 
top-dressings were applied to the “ a instead of the “ b ” series 
of plots 8 and 9. 

The same mistakes were, at the same time, made in the case 
of the continuous barley plots. To remedy the error as far as 
possible, the second half of plot 6 was subsequently given, in 
each case, the proper dressing of 25 lb. per acre of nitrate of s(^da, 
and the two halves were reaped separately. 

By the middle of July the crop had become very uneven, and 
weed.s made their appearance in quantity, notably on the nitrate 
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plots — a species of Vicia (Vida hirsuta) and of Convolvulus were 
the chief pests, in addition to coltsfoot, wild oats and Holcus 
mollis — but it was noticeable that on the sulphate of ammonia 
plots there was no Vicia. 

The wheat was cut on August 25th, but, owing to bad har- 
vest weather, could not be carted until September 13th. In the 
case of a few sheaves there was some sprouting of the grain. 

After the wheat had been carried, the stubble was found to 
be in a very dirty condition, and this, together with the fact that 
the 50 years’ period of continuous wheat cultivation had been con- 
cluded, led to the determination to fallow the land and give it a 
thorough cleaning before embarking on a new series. 

The harvest results are given in Table I. 

The rapid growth of weeds, and of Vicia hirsuta in par- 
ticular, was responsible, in great measure, for the extremely high 
amounts of tail corn recorded, it being almost impossible to sepa- 
rate the corn and the tares. 

The produce in general was much like that of 1923. The 
unmanured plots gave an average yield of 4.3 bushels with 10 cwt, 
3 qr. of straw per acre. 

On plot 2b (sulphate of ammonia), which received 2 tons of 
lime applied in 1897, the yield was 8.7 bushels, double that on 
the unmanured. On plot 2a (sulphate of ammonia), where no lime 
was added, no weighable crop has been recorded for the past 
thirty years. 

Xitrate of soda gave, all round, higher results than sulphate 
of ammonia, the addition of minerals to it showing no benefit this 
season. 

The farmyard manure plot looked about the best of all earlier 
in the season, but fell off towards the close. The weight per 
bushel of the corn was generally low, and the tail corn excep- 
tionally high, 

2. Continuous Growing of Barley {Stackyard Field). 

1925 (49ffe Season). 

The land, after ploughing in March, 1025, was in better and 
drier condition than the corresponding wheat area. Nevertheless, 
the difference between the nitrate plots and those treated con- 
tinuously with sulphate of ammonia was very observable, the 
former being of darker colour and closer texture. 

Farmyard manure (giving 100 lb, ammonia per acre) was 
spread on plot 11b on March 19th — the quantity being at the rate 
of 3 tons 13 cwt. 3 qr. 9 lb. per acre. 

“ Plumage Archer ” barley was drilled on April 17th at the 
rate of 12 pecks per acre. Mineral manures and rape dust were 
put on the respective plots the same day. The land, at this 
period, was still somewhat lumpy. 

The barley came up well, and the land w’as rolled about the 
middle of May. At this time the crop looked very promising. 
The sulphate of ammonia plots that had had no lime soon began 
to go off, as usual, those receiving lime keeping quite gnod. 
Coltsfoot was particularly noticeable in the nitrate of soda plots. 
The first top-dressings of sulphate of ammonia and nitrate of 



Continuous Gro'whig of Wheat, 192$ (49th Season) and 1926 (30th Season), 

Wheat grown yeai" after year on the same land, the manures being applied every year. 
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soda were given on June lOtli, and the second dressings on 
July 16th. 

Up to June 24th, the crops stood the drought quite well, 
but, though the ultimate yields were much superior to those of 
the Wheat series, and also to the Barley crops of 1924, they were 
well below the average. In particular the straw was very short, 
and there were many weeds cut with the straw and retained in 
the sheaves. As a result, the stack heated, and the contents 
(which included the produce from the Malting Barley experimental 
plots), were seriously damaged. 

The barley was threshed and weighed December 1 — 5, and 
the results are given in Table II. 

The unmanured produce averaged 7.4 bushels of corn, with 
7 cwt. 1 qr. of straw per acre — minerals alone giving practically 
the same, and showing little further benefit from addition of lime, 
except for an increase in the straw. 

Sulphate of Ammonia without lime gave no crop to record (2a,. 
5a, 8a, 8b), but where lime was given as well (2aa, 2b, 2bb, 5aa, 
ob, 8aa, 8bb), in every case the crop was more or less restored. 
Nitrate of soda, on the whole, gave crops rather better than those 
from Sulphate of Ammonia, but the addition of lime to it (plots 
3aa and 3bb) proved, as in the two previous years, the reverse 
of beneficial. 

Rape-dust gave but a small crop compared with farmyard 
manure, which latter produced much the highest yield of the 
series, viz., 17.6 bushels with 15 cwt. of straw per acre. The 
next highest yield, 12 bushels per acre, was from Sulphate of 
Ammonia with minerals and lime (plot 8aa). 

1926. (oOth Season). 

Farmyard manure (6 tons, 4 cwt. per acre), was applied April 
8th, and ploughed in. Barley (“ Plumage Archer ” — 10 pecks per 
acre) being drilled on .\pril 9th. .Mineral manures and Rape 
dust (364 lbs. per acre) were put on at the same time. 

The first top-dressings of nitrogenous salts were given, as 
for the wheat, on May 27th, the second on June 16th, the same 
mistakes a.s in the wheat scries being made with plots 6, 8a, 8aa, 
9a, and subsequently partially rectified. 

The barley grew distinctly better than the w'heat. Weeds 
were not so troublesome, though both Vicia hirsufa and con- 
volvulus were to be seen on the weaker plots. The barley was 
cut on August 24, and not carted until September 13th, but did 
not suffer nearly as much as the wheat. As tlie 50 years period 
was over, it was decided to fallow thi.s land also, although it was 
not so weedy as the continuous wheat plots. 

The harvest results for 1926 arc given in Table II. 

The crop generally was light. The unmanured produce was 
2.6 bushels of corn with 3 cwt. 1 qr. of straw per acre. Mineral 
manures alone gave an increase of 5.5 bushels of corn, but the 
addition of lime to this showed no benefit. 

The Sulphate of Ammonia plot (2a), which generally is quite 
bare, now gave 3.5 bushels of corn per acre. The corresponding 
plot (5a), with minerals added, .showed the same feature, giving 
10 bushels of corn per acre, though no lime had been applied to 



Continuous Gro-voins of Barley, 1925 (49th Season), and 1926 (50th Season). 
sarley grown year after year on the same land, the manures being applied every year. 

Stackyard Field — Produce per acre. 1925. 1926. 
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SuperphosiJhate 3 cwt- Sulphate of Potash 4 cwt. 
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either. Where lime had been put on additionally (plot 6aa), how- 
ever, the produce was increased to 18.7 bushels of barley per acre. 

In the case of Nitrate of Soda, the higher amounts, whether 
alone or with minerals, produced a considerable increase, but 
the addition of lime had no further benefit. 

As between phosphate and potash, the comparison of plots 
10a and lla, shows a decided advantage to attend the inclusion 
of potash. Farmyard manure (plot lib) gave the highest crop 
of all, viz., 24.5 bushels of corn per acre, it being greatly superior 
to the rape dust plot (lOb) which, however, yielded this year 
better than usual. 

The quality of grain was fair for the season, with the tail 
corn somewhat higher than usual. 

3. Rotation Experiments. 

The Unexhausted Manure Value of Cake and Corn (Stackyard 
Field). 

(a) Series C. 

1925. Wheat. 

After the clover ley of 1924 had been ploughed in, 
“ Yeoman ” wheat, at the rate of 10 pecks per acre, was drilled 
on Nov. 4 — 5, 1924. It came up well, and, though it looked 
inferior to the wheat on the green-manuring plots (Series A), after 
April it became distinctly superior; the “ cake ” plots, moreover, 
were darker-coloured and seemed much better than the correspond- 
ing “ corn ” plots. The crop was cut August 8th, 10th, 11th, 
carted and stacked August l7th, and threshed and weighed 
December 1st — 5th. The results were as follows : — 


TABLE in. 

Rotation Experiments— Series C (Stackyard Field), 1925. Wheat 
after Clover. Produce per Acre. 


! 

j 

Head Corn 

' Tail 


Vhl ' 

Uuihtls 

Weight Crirn 

pf‘r Weight 

Bushel 

Straw, Chaff, rtc. 

1 Corn -fed Plot ... | 

24- G 

111. Ih. 

m-2 204 

: Tons cwts. qrs. Ih. 

L 1 1 H 

2 i Cake-fed Plot 

i 2:i'3 i 

1 i 

GO-2 225 

1 1 3 2 14 


The w'eighings did not bear out the appearances noted during 
growth, for there were only 1.2 bushels more corn and 2 cwt. 1 qr. 
more straw per acre on the “ cake ” fed plot than on the “ corn ” 
oor. At the same time the yields were much higher than with the 
continuous wheat plots and the green-manure plots on the same 
field. It will be rioted that the tail corn was much higher than 
usual. 

I’hi.s wheat crop concluded the four-course rotation begun 
with swedes in 1922 and, as this rotation has been carried on 
practically since the commencement in 1876, it will be convenient 
to summarise briefly the conclusions to be drawn from the last two 
rotations. 
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In the previous rotation (beginningf 1918), on this particular 
area (series C), the growing- of clover had been resumed, and the 
swedes of 1918 were fed on the land by sheep which consumed, in 
the one case, 4 cwt. of corn (barley and oats) per acre, and supply- 
ing about 7.25 lbs. of Nitrogen per acre, and in the other case, 
4 cwt. of cake (Linseed and Cotton) per acre, supplying about 
18 lbs. per acre of Nitrogen. A little clover-chaff was given as 
w^ll to all the sheep. Barley, clover and wheat followed as the 
crops of 1919, 1920, and 1921. 

In the new rotation, beginning with 1923 (swedes), it was 
decided to increase the difference between the Nitrogen applied in 
the two cases. Accordingly, the amounts were now increased 
from 4 cwt. of corn, and of cake, to 16 cwt. per acre of corn and 
14 cwt. per acre (all that the sheep would eat) of mixed cake. 

The corresponding nitrogen figures were, corn plot, 29.25 Ib. , 
and cake plot, 67 lb. per acre. 

In Table IV. are given the results in either rotation. It will 
be remembered that in each case when swedes were grown 
(1918-1922), the amount of roots fed on the land by the sheep was 
the same on the corn-fed and cake-fed plots, the quantity so fed 
being supplemented — when necessary — by mangels, and the same 
amount of clover-chaff given to the two lots. 


TABLE IV. ROTATION EXPERIMENTS. 

(a) 1918-1921. Results Per Acre. 


4 cwt- per acre Corn (7-25 lbs. Nitrogen per acre), or 4 cwt. per acre. Cake 
(18 lbs. Nitrogen per acre) fed with the root-crop. 



BUS 

1919. 

B.-irlcy 

1020 

R(h1 C1ov( t Hay 

1021 

Wheat 


SwfU* s 

Bushels 

■ Tons ewts. 

qrs. 

lb, 

Bushels 

Corn-fed Plot ... \ 

: about 

174 

2 16 

2 

21 

: 374 

Cake- fed Plot .. / 

j 11 tons ; 

i 

18-2 

2 16 

2 

11 

31-2 


(t) 1 922-1 92r). Results Per Acre. 

16 cwt. per acre 0)rn (29'25 lbs. Nitrogen pcT acre), or 14 cwt. acre Cake 
(67 llw. Nitrogen per acre) fed with the root-crop. 


I iti'j't. v.yi'i I 1925 

j s H.irk'V I Clover (Misttl) Hay ^^'heat 

I Uushols 1 Toi^s e.wls. qrs. lb. Bushels 

Corn-fed Plot ... sm.nll 14-2 I 1 18 3 22 ; 24-6 

Cake-fed Plot ... J I crop 16-2 j 1 17 0 H 


The results show that in both rotations, corn-feeding gave 
results equal to cake-feeding. 

Even on the first crop (Barley) immediately succeeding the 
feeding of the roots, there w-as no significant difference in favour 
of the cake-feeding. 

The whole subject is a very perplexing one, requiring much 
further study, as the result has been obtained so often that its 
accuracy can hardly be doubted. 
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1926, Roots, 

The root crop (Swedes) began a new rotation in 1926, the 
intention being to use the increased amounts of food, first adopted 
in 1922, when feeding off the roots. This was in order, before 
coming to a definite conclusion, to test once more the seemingly 
abnormal results recorded in the last rotation. 

The land after preparation for swedes was sown on June 16th 
with “ Up to date ” Swede seed at the rate of 3 lbs, per acre. 
Three cwt. of mineral Superphosphate and 1 cwt. of Sulphate of 
Potash were given per acre, June 16th and 17th, and on August 
10th a top-dressing of 1 cwt. per acre Nitrate of Soda. 

Quite a good plant was obtained, but the swedes were sown 
too late, planted too wide, and singled too late to give a really 
good crop even for this land, to which, because of its distance from 
the farm buildings, no dung can be carted out. 

It was, however, a very even plant all over, and the roots 
were sound. 

The yields were : — 

Tons Cwt. 

Plot 1. Corn-fed plot 13 18 per acre 

plot 2. Cake-fed plot ... ... 13 0 ,, 

Feeding-off the roots on the land with sheep (70) began on 
December 31st, and barley will follow. 

{b) Series D. 

1925. S'wedes, 

After the close of the last rotation (wheat, 1924), the land 
was ploughed and prepared, as far as possible, for swedes. As 
already explained, the land set into large hard blocks under the 
influence of the June drought. Nothing could be done with the 
land until rain came on July 20th, wiien the area was prepared, 
and swede seed was ultimately drilled on July 24th — 25th, at the 
rate of 5 lbs. per acre. Quite a good plant came up, but the 
late-sowing prevented any chance of the roots attaining any size, 
and, with the early frosts of October, growth ceased, and there 
was nothing to do but to run sheep over the land to eat the 
roots. Portions W'ere weighed and gave : — 

Swedes per Acre. 
Tons cwt. qrs. lb. 

Corn-fed plot 1 8 2 8 

Cake-fed plot 1 8 2 7 

The whole crop was fed of! by sheep towards the end of Janu- 
ary, 1926, the land then ploughed and got ready for Barley. 

1926. Barley. 

The failure of swedes in 1925 prevented the usual feeding 
of the root crop with cake and corn, so that the barley crop of 1926 
was practically unaffected by any manurial difference between 
corn-feeding and cake-feeding. Much the same happened in 1921, 
hence this area has not had corn or cake-feeding since 1916. This 
fact must be remembered when comparing C, and D. 

“ Plumage Archer ” barley, at the rate of 12 pecks per acre, 
was drilled, March 29th — 30th, 1926, a manuring of 3 cwt. Super- 
^ phosphate, i cwt. Sulphate of Potash, and 1 cwt. Sulphate of 



103 


Ammonia being given at the same time- A good plant was ob- 
tained, and on May 27th, mixed clovers {red clover 7 lb., alsike 
3 lb., and trefoil 3 lb. per acre) were sown in the barley. 

A capital and level crop of barley was grown; this was cut 
August 23rd, and carted August 28th, in good condition. The 
harvest results were : — 


Produce per Acre, 


Plot ! 


Head Coni 

^ Weight 
BushvU I per 

; Bushel 

i 

Tail ; 
Corn 
W'cighr 

Straw, Chaff, etc. 

1 

Cora-fed Plot ... 

26-4 

‘ lb. 

' 54-3 ' 

lb. 

191 

Toils cwts. qrs. lb 

2 10 1 8 

2 

Cake-fed Plot ... 

28-0 

1 

; 53-4 

78 

2 14 2 23 


The differences between the two plots are not significant. 


4. Green-manurmg Experiments. 

(a) Stackyard Field. Series A. 

Upper Half. 

1925. 

After the green crops— Tares and Mustard (both quite good 
crops) — of 1924 had been fed off by sheep, which received also 
3 cwt. per acre of cake (linseed cake and cotton cake), they were 
ploughed up, and on Xovember 6th, 10 pecks per acre of 
“ Yeoman ” wheat were drilled over the two-acre area. 

The wheat came up well, and during the winter the Tares 
plot looked rather the better of the two. The soil of the Mustard 
plot seemed hxiser in texture ; on the other hand, there was more 
weed on the Tares plot. In April, 1925, the wheat on these green - 
manuring plots was decidedly the best on the whole farm. From 
May onwards, the crops, however, fell back, and in June were 
distinctly inferior to the wheat on adjoining land in the same field 
(Rotation Experiment, Series C). By the end of June both crops 
(after Tares or after Mustard) were very poor and so continued 
until harvest time. The wheat was cut on August 10th, carted 
and stacked on August 17th, and threshed and weighed, December 
1st— 4th. 

The results are given in Table V. It will be remembered that 
one half of each of the acre plots (upper half of field) had been 
limed in autumn, 1923. 


TABLE V. 

Green-manuring Experiment. Stackyard Field. Series A 
{upper half). 1925. Wheat after Green Crops fed off wdth Cake 
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Produce per Acre, 



i 

I Head Com 

Tail 

Com 

Straw, Chaff, 
etc. 

Plot ' 

1 

Bushels ' 

! 

Weight 

1 

, Bushel 

1 

After Tares fed off 

74 ' 

! \h. 

. 58-7 

lb. ' 

27 ' 

cwts, qrs. lb. 

8 1 4 

2 

After Tares fed off, limed 
1923 

1 

54 

i 59-2 ' 

22 

6 2 21 

3 

After Mustard fed off 

64 

’ 59‘7 1 

32 

4 2 24 

4 

After Mustard fed off, limed ! 
1923 1 

50 

590 1 

22 

14 0 6 


The crops were very poor, averaging 6.4 bushels per acre 
only for tlie Tares plot and 5.7 bushels for the Mustard plot. This 
slight advantage to the Tares was increased in the case of the 
straw. The liming of the land, however, exercised no benefit, 
and seems to offer no solution of the problem. These limed plots 
were, however, to some extent damaged by hares. 

Along wath the above results might be taken those of the 
Wheat (Series C) grown in Rotation (see Table IV.) in the same 
field, only a short distance off, and where wheat had followed 
clover made into hay (1024) and carted off the land. Up to May, 
1925, these crops had looked decidedly inferior to the green- 
manure set, but now, at harvest, they yielded, on the average, 
25.2 bushels of corn with 1 ton 2^ cwt. of straw per acre, as 
against 6 bushels of corn and 6 cwt. of straw per acre only on the 
green-manure plots. 

That the growing of really good crops of Tares and Mustard 
and feeding off these on the land with 3 cwt. per acre of cake, 
should have resulted in the production of only 6 bushels of wheat 
per acre, whilst w’heat after clover removed as hay gave 25 bushels 
per acre on similar land, is at present inexplicable, but repetition 
of the experiment year after year has confirmed the fact. Further, 
there is the invariable observation that the wheat crop looks ex- 
cellent right through to early summer, and then unaccountably 
drops off. 

1026. 

The wheat stubble was ploughed in vSeplember, 1925, and It 
was noticeable that there was more weed — mostly thistles — on the 
Tares portion than on the Mustard. ITe land was ploughed 
rather deeper than usual. 

On April lOth, Tares were drilled at the rate of 2 bushels per 
acre, 3 cwt. Superphosphate and 1 cwt. Sulphate of Potash per 
a( re being given to them and also to the Mustard land. An excel- 
lent crop of Tares was grown. Mustard w’as sown on June 8th at 
the rate of 20 lbs. per acre, and this, too, came very well. Tlie 
green crops were ready to feed off towards the end of July, and 
sheep and lambs were put on them, beginning on July 30th with 
the Mustard. When this was finished, the sheep passed on to 
the Tares. Between July 30tli and August 10th, they consumed 
on each acre plot, 3 cwt. cake (half Linseed, half Cotton). The 
land was ploughed after the sheep, and wheat sown. 
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Lower Half. 

1925. 

After rempval of the wheat crop of 1924, lime, at the rate 
of 2 tons per acre, was spread on the 2 acres that were to 
be put into green-crops for 1925. This was done on October 
8th, 1924, and the land ploughed and got ready. Tares, at the 
rate of 2 bushels per acre, were drilled on April 24tli, 1925, 
and Mustard — 20 lbs. per acre — on June 4th. Owing to the 
drought, the crops had a very hard time of it, but came up and 
held out better perhaps than could have been expected, the Tares 
being much the superior crop. The Mustard plot was then partly 
re-seeded in the hope of getting a crop sufficient to feed off. 
Ultimately 12 ewes and 100 lambs were put on early in September, 
and they fed off, first the Mustard, and then the Tares. On the 
Tares plot it was found possible to consume the requisite amount 
of cake — 3 cwt. per acre (Linseed and Cotton cake mixed), but 
on the Mustard plot the full amount could not be consumed and 
the balance (after deduction for live-weight increase) was spread 
on the land in the form of meal, (96 lb. half linseed, half cotton 
cake, was so spread). The land was then ploughed and put 
into wheat. 

1926. 

On October 15th, “ Yeoman ” wheat — 12 pecks per acre — 
was drilled. The wheat came up well, both after Tares and after 
Mustard. Then, as usual, from June onwards, a progressive 
failure set in. It was noticed that the wheat fell off unaccount- 
ably after the flowering stage; up to then it had been quite good. 
The wheat was cut on August 24th, and carted September 13th. 
The harvest results are given in Table VI, 

TABLK VL 

Green-manuring Experiment. Stackyard Field — Scries A {lower 

half) 1926. Wheat after green crops fed off with cake. 

Produce per .4 ere. 

Hi ad Corn 

Tail Straw, Chaff, 

Plot I W fight Com etc. 

I liushcls i per 

Bushel 

lb. lb. cwts. qrs. lb. 


1 After Tare.s foJ oil ... t *-) i’i2 r) C6 8 2 9 

2 ; After Tares fed off, limed i 



1924 

4-7 ,74 1 

80 : 8 

2 22 

3 

After Mustard fed off 

3-2 ,')lv2 

40 ; 6 

2 7 

4 ■ 

After Mustard fed otf, 





limed 1924 

2-3 i 5(V7 

30 ; 4 

0 11 


The plots gave, as will be 

seen, very miserable crops 


five 

The following table shows 

the hnv yields of corn for the last 

seasons. 




"plot j 


• tiv’s 1 

i 


^ : BiiliiTs 

: Ihishfls ■ Bushel? 


Bnishols 

1 

After Tares fed off ... 6 9 

I 80 : 7'3 

0-4 

4li 

2 

After Mustard fed off ; 7-5 

5-6 91 

i)‘7 

2‘8 
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(b) Lansome Field. 

1025. 

On these plots, whidi had been limed in autumn, 1923, wheat 
followed the green crops of 1921, which, as usual, had been 
ploughed in. “ Yeoman wheat — at the rate of 12 pecks per 
acre — was drilled on October 2Sth, 1924. The plant, however, 
was a very uneven one, owing to the adverse weather conditions. 
In January, 1925, the plant was so reduced in places that re- 
sowing had to be resorted to. 

Subsequently the crops recovered to some extent as the 
ground got drier, but the drought of June and July caused them 
to go back and to favour the growth of a quantity of weed — 
mainly may- weed. As a consequence, the crops never attained to 
any evenness, and the results recorded were obtained in most cases 
by weighing a portion only of each plot. The limed halves suffered 
so badly that the returns are not included. 

Ultimately the wheat was cut August 6th — 7th, carted and 
stacked August l7th, and throslicd and weighed December 1st — 
4tb. The produce is given in Tabic \TI. 


TABLE VU. 

Green-manuring Experiment. Lansome Field, 1925. Wheat after 
Green Crops ploughed in. 


Produce per Acre, 


Fbl 

Head Corn 

Yield 1 Weight 
i per 

,\cro liushel 

Tail 

Com 

Weight 

Straw, Chaff, 
etc. 



Bush. U 

r.>. 

Ih. 

twts. 

qrs. 

lb. 

Old / 1 

After Mustard ploughed iri 

09 

off- 6 

23 ' 

13 

0 

16 

Plots \ 2 

After Tares ploughed in ... 

4j 

59-0 

17 

11 

1 

20 

New f 3 

.\fter Mustard ploughed in 

4'8 

uff'O 

12 : 

13 

1 

4 

Plots < 4 

After Tares ploughed in ... 

4'.“) 


19 

11 

3 

4 

1 5 

Control (no green crop) ... 

4 0 


10 

13 

2 

24 


Here, as in former years, and also as in Stackyard Field, the 
yields were unaccountably .'^mall, and that no larger crops than 
these should folhjw the plough ing-iii of two successive green-crops 
in the previous year points to the existence of .some disturbing 
factor, such as has been suspected in the case of Stackyard Field. 
Owing’ to the uneven crop, no fair comparison between Mustard 
and Tares can be made. The average of all plots was 4.0 bushels 
per acre only, as against 6.H bushels in 1923 — the last corn year 
on this land. 

1926. 

The plots were ploughed after the wheat crop of 1925, and on 
April 13lh, 1926, Tares were sown at the rate of 2 bushels per 
acre, 3 cwt. of Superphosphate and 1 cwt. of Sulphate of Potash 
per acre being given at the same time to both the Tares and the 
Mustard land. 
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The Tares came up quite and on June 7th, Mustard was 
sown, and this, too, came up well. A good deal of weed, however — 
mostly may-weed— appeared on these plots, chiedy on the Tares 
area. The green crops were ploughed in, July 20th— 24:th, and 
second crops sown on August 1 8th, which again were ploughed in, 
October 13th — 15th, the land being then got ready for wheat. 

Supplementary Experiment on the phughing-in of Mustard. 

In the autumn of 1924, although the season was late, it was 
decided to compare Oats grown after a crop of Mustard ploughed- 
in as against the same without a green crop. Four plots of 1 acre 
each were set out on Road Piece field. Mustard was sown (m 
August 19th, 1924, on two plots, and the crop was ploughed in, 
October 2nd, 3rd, 4th, grey Winter Oats being sown on October 
24th, at the rate of 4 bushels per acre, over the whole four plots. 
The Oats came up very well, but suffered much from the subse- 
quent drought. Owing to unfavourable weather, although the 
Oats were cut on July 15th, it was not possible to cart and stack 
them until August ITtli, and they suffered much through the 
delay, ultimately giving, on threshing, but poor returns. The 
results suggest a small benefit attaching to the ploughing-in of the 
green crop. The produce was : — 


Oats 'with or without previous green-crop. 
1925. Eoad Piece. 


— i 


He.^d Corn 



Plot 


Yield 

per 

.\c.rc 

Weight 

per 

Bushel 

Tail ^ 
Corn 

Straw, Chaff, 
etc. 

1 

: Mustard ploughed in 

101 

ib. 

10‘1 ^ 

lb. 

20 ; 

ewts. qrs. lb. 

IT) 2 18 

2 

! Control (no green crop) ... 


39-8 

14 

12 3 16 

3 

1 Mu.stard ploughed in 

10-: 

40-0 

17 

14 0 16 

4 , 

1 Control (no green cro])) ... 

8-9 

40-2 , 

22 

11 3 22 


5. The Relative Values of Lime and Chalk for Liming Purposes. 
Stackyard Field— Series B. 1924 1925 Barley. 1926 

Seeds. 

1925. 

The sheep began feeding the swedes on the land on February 
25th, 1925, and wxmt on until April .5ih. They had about 1 lb. 
per head daily of mixed cake (half Linseed, half Cotton) given to 
them, the same amount being fed on each plot, and the total con- 
sumed during- the period being 11 cwt. of mixed cake per acre. 

When llic swedes were finished, the land was ploughed and 
sown, April 17th — 18th, witli “ Plumage Archer ” Barley, at the 
rate of 12 pecks per acre. 

It was very noticeable that the land after the sheep-feeding 
was in much superior condition to that of the continuous barley 
plots adjacent, and a much better barley crop resulted. “ Seeds 
(mixed grasses and clovers) were drilled in the barley oi\ May 
RHh At a later period (September 9ih), after removal of the 
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TABLE VIIL 

Lime and Chalk Experiment — Stackyard Field — Series B. 
Produce oj S'wedes, 1924, oj Barley, 1925, and of Hay, 1926, 

Produce per Acre, 
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barley crops, more “seeds" were spread over the surface and harrowed 
in, as the plant had suffered a good deal during the drought. The 
re‘Seeding appeared to have been followed with success. 

Meantime, the Barley stood the drought better than most 
of the other barley crops, and was ultimately cut August 14th, 
carted and stacked August 18th, and threshed and weighed 
December 1st — 6th. The results — along with those of the 
swede crop of 1924 and the hay crop of 1926— are recorded in 
Table VIII. 

The Swede crop of 1924 was considerably injured by “fly ” 
and the results are, therefore, not strictly comparable. 

Omitting plots 1 and 2, the “ chalk ” plots gave an average 
of 7 tons 18 cwt. 2 qrs. 11 lb. per acre, and the “lime ” 
plots, 7 tons 14 cwt. 2 qrs. II lb. per acre. The increase 
over the unlimed plots was a marked one. 

The Barley crop of 1925 was much superior to that of the 
continuous barley series; the highest yield in the latter was 17.6 
bushels per acre (farmyard manure), while the general average 
of these limed plots was 23.6 bushels of corn per acre. The 
“ chalk “ plots averaged 24.1 bushels of corn per acre; and the 
“ lime ** plots 23.1 bushels. The superiority of the “ lime “ 
plots shown with the Oat crop of 1923— amounting to nearly 
4 bushels per acre — was thus not maintained, the “ chalk ” 
series now giving, on the average, 1 bushel more per acre. 
Again, while with the chalk there was something like a pro- 
gressive increase as more chalk was used, tliis was not the case 
with the “ lime “ series. The increase over the unlimed (plot 7) 
produce was, on the average, 4.1 bushels of corn per acre with 
“chalk,” and 3.1 bushels with “lime.” On the other hand, 
the “ lime ” series gave nearly 2 cwt. more straw per acre than 
the “ chalk.” 

As previously noticed, spiirry grew freely on the unlimed 
portions, but was absent elsewhere. 

1926. 

The “ seeds ” sown in the Barley crop of 1025 stood the 
winter quite well, but later on in spring appeared rather thin. 
They made a fresh start, however, in June, and promised quite 
a fair crop of hay. This was tut on July 19th, and carted 
July 31st. The results are given in Table VUI. 

Putting the plots of each series together, we have an ever- 
age of 1 ton 17 cwt. 1 qr. 14 lb. per acre for the Chalk plots, 
and 1 ton 16 cwt, 2 qrs. 11 Ib. for the Lime plots. There 
was not, however, any regularity in the results, and nothing 
to indicate that the crop was increased as the lime was in- 
creased. Again, as between chalk and lime, the disparity 
between the two unlimed plots prevented any fair deductions 
being drawn. 

G. Inoculation of Lucerne — Stackyard Field — B. 

1925-1926. 

One half (2 acres) of Series B in Stackyard Field ^\T^s 
devoted to this trial, eleven plots, sown alternately with inocu- 
lated seed and seed not inoculated, being set out. 
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The seed was Provence Lucerne, and was drilled on June 
3rd, at the rate of 20 lb. per acre. 

The drought that ensued and continued to the middle of 
July proved a most unfortunate starting point for the experi- 
ment. Still, the lucerne managed to struggle through, and, 
despite the plentiful crop of groundsel, a growth of lucerne 
appeared on all the plots and maintained itself during the 
following winter. 

Improvement followed on hand-picking in autumn, 1925, 
and horse-hoeing in February, 1926. In practically every case 
tlie inoculated plots were better ; the experiment did not recover 
from the difficulties experienced at sowing time, and, ultimately, 
it was decided to cut and weigh the crop and then plough the 
plots up, restarting the experiment in 1927 on another field. 
The Lucerne was cut September 18th, carted September 22nd, 
and weighed September 28th. The weights as hay were ; — 


Control Plots 

Inoculated Plots 

1 

cWt. 

8 

t]n. 

1 

ih. 

0 

0 

wts. 

12 

UTS. 

1 

lb. 

14 

3 

12 

1 

u 

4 

13 

3 

0 

5 

11 

0 

21 

0 

14 

1 

21 

7 

11 

2 

21 

8 

13 

0 

7 

9 

12 

1 

14 

10 

12 

1 

14 

Total 

.56 

1 


Total 

66 

0 

0 

Average per Acre 

11 

1 

3 

Average per Acre 

13 

0 

22 


7. Manuring and Liming of Grass Land — Broad Mead — 1925. 

These experiments were divided into three series : — 

(a) Manurial Experiments. 

(b) Experiments on Tnrie/jVs of Lime. 

(c) Experiments on Forms of Lime. 

It was decided to renew the dilTcrent applications in the 
winter of 1921, and, at tlie same time, as the position of the 
plots in series (c) was not altogether satisfactory {being along- 
side a hedge where the cattle generally lay), this series was 
removed to another part of the same Held, and fresh plots, but 
similarly treated as before, were laid out. 

The applications were all put on early in December, 1924, 
with the exception of Farmyard manure (12 tons per acre), in 
series (ti), which was applied on February 18th, 192.'). Plot 5 ol 
series (a) had 2 tons per acre of lime renewed, but no further 
minerals. 

The whole field was grazed with cattle, receiving a little cake, 
from October llth, 1924, to April 1st, 1925, when the stock were 
removed and the grass was allowed to go for hay. The hay was 
cut June 29th — 30th, and gathered in excellent condition July 
2nd — 4th, being then stacked. 

(o) Manurial Experiments — Commenced 1901 — Manures 
applied 1901, 1904, 1906, 1909, 1913, 1920, 1924. 
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The results were : — 


Plot 

Manures per Acre. 

produce of Hay per Acre 

1 

Basic Slag 10 cwt., Kainit 3 cwt ' 

Tons 

1 

cwt. 

9 

qrs. 

1 

lb. 

0 

2 

Superphosphate 5 cwt., S /Potash 1 cwt. 

0 

10 

0 

1C 

3 

Basic Slag 10 cwt., S/Potash 1 cwt 

0 

17 

0 

0 

4 

No Manure 

0 

18 

2 

0 

5 

Lime 2 tons 

0 

13 

0 

0 

6 

Farmyard Manure 12 tons 

1 

14 

0 

0 


The highest weights of hay were yielded by the Farmyard 
manure plot and that treated with Basic Slag and Kainit, the next 
highest yield being that from the unmanured plot. But the weights 
of hay w^ere no measure of the relative excellence of the indi- 
vidual plots. Indeed, almost the precise opposite might well be 
urged, for, while plots 1 and C were incomparably the roughest, 
and plot 4 not much better, the appearances of plots 2, 3, and 5 
were immeasurably better, these being closely grazed by the 
cattle and looking — more especially the lime plot (5) — far more 
like a good pasture. It had been noticed particularly that the lime 
plot retained, throughout the season, a fresli and bright appear- 
ance that marked it from all the others; the cattle were more on 
it than on the other plots, and when they were taken off, one could 
almost draw the outlines of this plot from the daisies that were 
on it. 

Series (h) \'arieties of Lime. 

Series (c) Forms of Lime. 

1025. 

The analyses of the different materials used in these series 
were as follows : — 


1 

l.ump 

t h.ilk 

Macncilaii 

Lias 

1 

LiiiU' 


i-imo 

Utile 

Oxide of Iron and Alumina... 

■29 

l-'u 

4-65 

10-50 

Lime (CaQ) : 

93 ‘114 

92 4 0 

4 7 ‘94 

.55-94 

Magnesia 

— 

— 

2914 

200 

Carbonic Aci<l, etc 

2-91 

1-74 

14-81 

9-35 

Silica 

;mo 

4 23 

3 4(1 

21-20 


1 00 '00 

100 00 

1 0000 

: 10000 



'll It- 
, J.iinc 

' Cirouiui 
Lime 

Cre’und 

Limosioiic 

GroumJ 

Ch.Uk 

Oxide of Iron and Alumina ... 

4-35 

•89 

•79 

'89 

Lunc (CaO) 

! S7-0S 

92 -.59 

Vi3-34 

trt3'55 

Magnesia 

' 





— 

Carbonic Acid ; 

5-09 

2-27 : 

i 42-42 ' 

42-78 

Silica j 

2-57 

4-25 

3 4.) 

2-57 

i 

! 100-00 

100 00 

100 00 

100-00 


* Equal to Carix)natc of Umc, 0o'26, t to Carlxinate of Lime, 05 83. 
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In the case of (b) the experiments began in 1910, when the 
lime applications — 2 tons per acre in each case — were given, these 
being repeated in February, 1916, and in December, 1924. 

In (c) the plots, as stated, were new ones, and the applications 
were now applied for the first time. 

The weights of hay were : — 


V\ot 

Applications per Acre 

Produce oi Hay per Acre. 



Tons 

cwts. 

qrs. 

lb. 

Series (6) 1 

... Derbyshire Lime, 2 tons 

1 

3 

1 

0 

2 

... Chalk Lime, „ 

0 

17 

0 

0 

3 

... Magnesian Time, „ 

0 

18 

3 

0 

4 

... No Lime 

0 

18 

2 

0 

5 

... Lias Lime „ 

0 

19 

(I 

0 

C 

... Oolite Lime, 

1 

0 

0 

0 

Scries [c] 1 

... Lump Lime, „ 

0 

18 

3 

0 

2 i 

... Ground Lime, „ 

0 

18 

0 

0 

3 i 

... No Lime 

1 

0 

0 

0 

4 ; 

... Ground Limestone, 4 tons 

0 

19 

0 

0 

5 ' 

... Ground Chalk. „ 

0 

18 

0 

16 


Series (6]. 

These plots had not the general coarseness of series (a) un- 
limed plots, but, again, the weights of hay were not indicative of 
the true benefit, for, while all the limed plots were, in appearance, 
better than the unlimcd one, the best looking was plot 2 — chalk 
lime — then the Derbyshire lime (plot 1), with Magnesian lime 
(plot .3) inferior to either the Lias or Oolite lime, between which 
latter two there was little to choose. 

Series (c). 

In these plots the applications had been too recently made to 
expect any marked result. 

In 1926, the experimental plots in this field w^re all fed by 
bullocks. 


8- Phosphaiic Manures on 'Seeds ** Huy. 

An experiment was tried in 1924 to test the relative effect of 
different phosphatic materials on “seeds “ cut as hay, and was 
repeated in 1925. A clover and grass mixture was laid down in 
Barley on May 14th, 1023. The phosphates used were Mineral 
Superphosphate, Basic Slag, Nortli African Phosphate, and 
Steamed Bone Flour, and these were applied on November 30th, 
1023, to give, in each case, the same amount of phosphoric arid 
05 lb. per acre). The plots were half-acre ones, and the actual 
quantities given wxrc : — Superphosphate 292 lb, ; Basic Slag 
223 lb. ; North African Phosphate 125 lb. ; Steamed Bone Flour 
132 lb. per half-acre plot. The “ seeds “ grew well- and were 
cut for hay, the first crop the first week in July, the second at the 
end of September, 1024. 

The “ seeds “ were kept down for the following year, when 
one crop of hay was taken, this being cut on June 1 6th and carted 
June 21 St, 1925. The results for the two years were as follows 
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Phosphatic Manures on '' Seeds " Hay~Butt Close~l924: & 1925. 
Produce 0 / Hay per Acre. 


n 

Plot 

Manuring 

Hay pkr Acre 

1925 

Total of 

2 Years 

Ibt Cntp 

2nd Crop 




T. C. ([IT,. If). 

T, c. qrs, lb. 

T, c. qrs. Ib, 

T, c. qrs. lb. 

I 

Control 

2 0 1 0 

10 10 

1 17 1 0 

5 2 3 0 

2 i 

Basic Slaj( 

2 9 2 H) 

113 8 

1 19 2 0 

5 10 3 24 

3 

Superphosphate . . . 

;i 0 2 0 

10 2 6 

118 2 0 

'6 4 2 6 

4 j 

Steamed 13one Flour 

2 19 1 4 

110 0 

118 10 

: 5 18 2 4 

5 , 

N. African 






Phosphate 

: 2 14 1 10 
[ 

10 2 0 

1 19 2 0 

; .5 14 1 16 


In all cas(^s the phosphatic application did good. In the first 
year the best return came from the most active form — super- 
phosphate — the next best from steamed bone-flour. In the second 
year all the plots gave approximately equal yields, so that over 
the two years, the best return came from superphosphate, followed 
by steamed bone-flour. 

9. Leiidte and Sulphate of Potash compared~on '' Seeds Hay 
and pasture. 

(a) Butt Close (“ seeds ” hay) — 1924 and 1925. 

(b) Broad Mead (pasture) — 1925. 

Work previously done at Woburn on Wheat, Mangels, and 
Potatoes, as well as in the Pot-culture experiments, had indicated 
that the new form of potash supply— Leucite — containing its potash 
in a less soluble form, was, potash for potasli, little inferior to 
Sulphate of Potash. It was decided now to try it on “ seeds ” 
hay and on pasture. The Leucite contained 16.2 per cent, of 
Potash, soluble to a large extent in dilute hydrocliloric acid; 3 cwt. 
of the Leucite contained as much total potash (K^O) as 1 cwt. of 
Sulphate of Potash. 

The experiment with “ seeds ” hay was in Butt Close, a seed 
mixture being put down in the barley crop of 1923. Leucite and 
Sulphate of IVnasli were applied on April 21th, 1924. Two crops 
of hay were taken in 1924 and one in 1025. 

The experiment on pasture was in Broad Mead, the applica- 
tions being given in April, 1924, and the one hay crop of 1925 
weighed. 

The results were as folbnvs 

Produce of liny fratn (u) seeds — Butt Close — 1924 and 1925. 
Produce of Hay from (b) pasture — Broad Mend— 1925, 


“ Seeds ” Hay. 


^ i ,X,. ! 

Total of Pasture 

2 Years igJtS 

! hf'ucite 5 cwt.* 

■ pylphateof Potash U cwt.* 
i Control 

T, C. qrs. Ib, 

2 0 2 0 

2 0 0 0 

T, C. qrs. lb. 

14 10 

1 3 2 14 

T, C. <irs, Ib, 

1 19 2 0 

1 16 0 0 

T. C. <jrs. Ik T, C. qrs. lb. 

5 4 1 0 0 19 0 0 

4 19 2 14 0 19 2 16 

— , 0 18 2 0 


* tiding equivalent amounts of KaO, 
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The differences between the two materials were not very 
marked ; in the “ seeds ” hay the Leucite was rather more effective, 
but in the pasture land in 1926 the Sulphate of Potash plot, though 
hardly yielding more hay, was undoubtedly the nicer pasture and 
showed more clover. 

10. Potash Salts for Mangels and Potatoes. 

(a) Mangels — Road Piece — 1925. 

(b) Potatoes-Great Hill— 1925. 

These experiments were planned to provide a comparison 
between Sulphate of Potash, Muriate of Potash and Kainit. 

(a) Mangels— 'Road Piece. 

On Road Piece, where Mangels were grown in 1925, the 
seed “ Giant Model Windsor ” was drilled at the rate of 7 lb. per 
acre on May 12th, 13th, the general manuring per acre being 
Farmyard manure 9 tons; Superphosphate 3 cwt. ; Sulphate of 
Ammonia 1 cwt. Potash Salts were given additionally according 
to the plan. Two cwt. per acre of Sulphate of Potash was taken 
as the standard, and the other salts were used in quantity to supply 
as much potash as this gave. The Sulphate of Ammonia was 
given subsequently as a top-dressing, the other artificials being 
applied at the time of sowing. 

An excellent plant was obtained, and, by dint of careful culti- 
vation and constant stirring of the land, a really good crop on this 
light land was obtained, despite the prolonged drought. On July 
13th an additional top-dressing of 1 cwt. per acre of Nitrate of 
Soda was given. 

The potash applications increased the growth of leaf ; Sulphate 
of Potash gave dark green leaves, while Muriate of Potash and 
Kainit turned these more yellow. The Muriate of Potash seemed 
to give the larger bulbs. The crop was lifted October 17th, and 
the Mangels w^ere weighed and pitted by October 30th. 

The respective weights were : — 

Potash Manures on Mangels. Road Piece. 1925. 


Plot 1 

i 

Manuring 

1 i 


Roots per .\cre 


1 

No Potash ... ... ... ... ... 

i Tons 

19 

cwts, 

3 

qrs. 

2 

lb. 

24 

2 ! 

Muriate of Potash ... ... ... ... ' 

i 23 

5 

0 

0 

3 1 

: Sulphate of Potash ... 

! 22 

11 

3 

ll> 

4 : 

French Kainit 

i 23 

2 

1 

24 


The results show that the potash applications materially in- 
creased the crop, the differences in yield between the three forms 
being within the experimental error. 


(h) Potatoes— Great Hill. 

On Great Hill, potatoes (“ Red King ”) were planted, at the 
rate of 18 cwt. per acre from May 22nd onwards, the general 
manuring per acre being Farmyard manure 6 tons; Superphos- 
phate 3 cwt. ; Sulphate of Ammonia 1 cwt. 

Potash salts, according to the plan set out, and supplying 
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the same amount of potash as contained in 2 cwt. of Sulphate of 
Potash, were applied May 21st, 22nd. The crop g^rew well and, 
as with the Mangels, in the early periods the potash additions gave 
the bigger tops, the Kainit and Muriate giving lighter coloured 
tops than the Sulphate. 

The potatoes were lifted from October 30th onwards, early 
frosts, however, affected some of the tubers. 

The weights were : — 


Potash Afanures on Potatoes—Great 


Plot 

1 

Manuring 

Tubers per Acre 



Tons 

cwfs. 

qrs. 

lb 

1 

No Potash i 

10 

16 

1 

0 

2 i 

Muriate of Potash 

15 

4 

1 

14 

3 

Sulphate of Potash 

12 

11 

2 

0 

4 

French Kainit 

13 

9 

3 

0 


Here, as in the Mangel experiment, the addition of potash in 
any form produced a marked increase in crop. Much the best 
return (an increase of nearly tons per acre over no potash) was 
obtained from Muriate of Potash, the Kainit following next, and 
giving nearly a ton per acre more than Sulphate of Potash. 

11. Bolting of Mangels and Sugar-Beet. 

“ Bolted ” roots were analysed and compared with normal 
roots. 

The following analyses were made to measure, with special 
reference to Sugar Content, the changes occurring in bolted 
roots : — 


MAVGtLS SiCAR-Btf:r 



Sound 
RotUs 
per cent. 

“ Bolted ■■ 
Roots 
per cent. 

Sound 
Roots 
pt'r cent. 

“ Bolted ” 
Roots 
p<rcent. 

Water 

9007 

9027 

75‘40 

77'G5 

Sugar 

^ 6‘20 

480 

17-50 

16-50 

Fibre 

: -(10 

'74 

-96 

1-16 

Mineral Matter 

1-22 

1-30 

•C9 

•S8 


' ll>. oz. 

lb, or. 

lb. or. 

Ih. 01. 


Weight of Roots (washed & trimmed) l'i 10 3 0 4 7 0 


POT CULTURE EXPERIMENTS. 

1. The Hills’ Experiments. 

The Infiuence of Titanium Compounds. 

The selected materials vx’re Titanium Oxide (pure) and the 
minerals Rutile (titanium oxide) and Ilmcnltc {Titaniferous iron 
ore). These were used in quantities to supply .05 per cent, and 
• 10 per cent, of Titanium respectively in the soil (from Stackyard 
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Field), and the applications were made to the whole of the soil 
before sowing. 

The crop grown was wheat, sown on December 14th, 1924. 

Because of the poverty of the soil in lime, 2 tons per acre was 
added and also mineral superphosphate (o cwt. per acre); later on 
(June) a top-dressing of Nitrate of Soda (IJ cwts. per acre) was 
given. Each treatment was in duplicate. 

No abnormal appearances were noted during growth. The 
crop was cut on July 25th. 

The following Table gives the treatment and results : — 


Fldt 

Treatment 


Weight of 

Com i Straw 

Percentage of 
Untreated 

Corn 1 Straw 

1 

Control 

“o Ti. 

grammes 

19-2 

; grammes 

33-8 ' 

j 1 

100 i 

100 

2 

Titanium Oxide (pure) 

■Oo 

: 20-8 

i 33-3 

108 ^ 

98 

3 ' 

„ „ 

TO 

21-9 ' 

1 33-3 

i 113 ' 

98 

4 ' 

1 

Rutile (crude Titanium 
Oxide) 

•05 

i 24-4 

^ 36-0 

127 

1 106 

5 : 

„ „ 

TO 

, 23'7 

i 34-8 ; 

123 1 

103 

e 

Ilmenitc 

■05 

, 22-9 

34-1 

118 1 

101 

^ i 

1 

i 

-10 

i 

23-4 

33-0 i 

122 ' 

98 


It will be seen that all the compounds exercised some benefit, 
more marked with the Rutile than with the other compounds. At 
the same time the larger quantities of Titanium used did not show 
any general advantage over the smaller ones. It is probable that 
Titanium compounds exercise a slight stimulating elTect. 


2. Aluuiimnni Cornpoiinds — 'ivith and wit haul Potash — on 
Wheat, 

(a) 1 st Year, 1023-4. 

This experiment was started in 1024 to ascertain whether 
the presence of soluble compounds of aluminium in conjunction 
with potash exercises an influence on the acidity of the soil, or 
has some efiect on liberating potash from the soil. 

The soil used was that from Stackyard Field, one very deficient 
in Lime, and also poor in Potash. 

The compounds of aluminium tried were the sulphate, the 
chloride, the oxide, and the silicate, each of these being used at 
the rate of 2 cwt. per acre with the exception of the silicate, of 
which .5 cwt. per acre was given. Two such sets were put up, one 
being given no potash, and the other being supplied with 1 cwt. 
per acre of sulphate of potash. The materials were mixed w’ith 
the w'liole of the soil in each pot, and wheat was sown on Decem- 
ber I7lh, 192.3. Until March, 1924, no dilTerenccs were noted, but, 
subsequently, the potash set appeared superior. Towards the 
end of July the oxide and the silicate of the potash series stood nut 
as the best. 
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The wheat was cut on August 18th, and the comparative 
results recorded were : — 



Without 

Potash 

With : 

Potash 


Corn 1 

Straw 

Com 

Straw 

Aluminium Sulphate 

j 98 

108 

1 97 

39 

Aluminium Chloride 

93 

96 

I 104 

i02 

Aluminium Oxide 

1 100 

104 

! 132 

159 

Aluminium Silicate 

1 108 

103 

1 125 

151 

No Aluminium 

100 

i 100 

j 

98 

104 


The results showed, in the first place, no practical benefit to 
follow the use of Aluminium compounds by themselves. When, 
however, potash in addition was supplied, increase of crop above 
that given by potash alone resulted in the case of the oxide and the 
silicate of Alumina, in both corn and straw. 

(h) 2 nd Year. 1924-5. 

The experiment was carried on for a second year, no further 
additions being given, but wheat being sown again (November 
20th) after removal of the old stubble and roots. 

In June a top-dressing of Nitrate of Soda (U cwt. per acre) 
was given to all tlic pots. 

Again the potash set showed a manifest improvement on that 
without potash. 

The crop was cut July 25th, and the subsequent weighings 
showed the following comparative figures : — 


WiTHOiT Potash W'na Potash 



Corn 

S(ra\r 

Corn 

! Sfr.Tw 

Aluminium Sulphate ... 

102 

98 

104 

104 

Aluminium Chloride ... 

Ill 

103 

119 

; 107 

Aluminium Oxide 

no 

106 

128 

112 

Aluminium Silicate 

103 

101 

1 112 

116 

No Aluminium 

100 

; 100 

1 101 
! 

1 118 

The duplicates, with 

the exception 

of the Chloride of Alumin- 


ium used with the potasli, were in good agreement. Here, as in 
the first year, the Potash set was the better, and again a benefit 
was shown from tlie oxide and silicate of Alumina. 

Taking the two seasons together, it appears that the oxide and 
the silicate, when used in conjunction with potash exercise a 
beneficial action, though Aluminium compounds by themselves 
are of no avail in setting potash free. The action of the sulphate 
and chloride of Aluminium is doubtful. 


3. Green^manuriiig Experiment. 

The experiment of 1923 and 1924 was repeated in 1925 and 
will be continued. The object was to ascertain whether any addi- 
hon of lime or other materials would succeed in producing more 
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satisfactory corn crops on the land of Stackyard Field and of 
Lansome Field, where green-manuring with Tares and Mustard 
had been carried on for a number of years, but where the corn 
crops following the green crops (whether fed off or ploughed in) 
had always been very inferior. 

Fresh soil was in each case taken from the respective plots 
of the two fields, and the w’hole contents of a pot were mixed 
with the several applications given in the accompanying Table, 
these being the same as formerly. 

Wheat was sown on November 20th, 1924. During the growth 
of the crop the effects of adding lime were clearly visible in several 
instances, though not as marked as in the experiments of 1923 and 
1924. Further, it was seen more in the Tares soil than in the 
Mustard soil, and more so in Stackyard Field than in Lansome 
Field, though the crops of the latter were, on the whole, the 
heavier. The wheat was cut on July 25th, and the comparative 
yields are set out in the following Table : — 

Green-rnanuring Experiment — Wheat after green crops, 1925. 


(a) Sta,ckvard ,(^) Lansome 
Field Soil j Field Soil 



■ Com 

Straw j 

Com 

Straw 

Wheat after Tares. \ 


i 


i 

Untreated ! 

100 

1 100 1 

100 

100 

Lime — 2 tons per acre ... ... ; 

120 

150 ■ 

160 

125 

Superphosphate — 3 cwt. per acre ... : 

93 

1 108 I 

130 

112 

Sulphate of Potash — 1 cwt. per acre 1 

94 

1 96 ■ 

114 

103 

Lime, Superphosphate and S/Pota.sh : 

160 

167 j 

111 

134 

ii. Wheat after Mustard. 


1 1 



Untreated ; 

100 

j 100 1 

100 

100 

Lime — 2 tons per acre 

102 

i 120 : 

116 

1 136 

Superphosphate — 3 cwt. per acre ... ‘ 

96 

i 78 ; 

113 

j 105 

Sulphate of Potash — 1 cwt. per acre ; 

94 

93 

107 

s 107 

Lime, Superphosphate and S/Potash 

92 

I 100 : 

1 ! 

; 105 

122 


The results were not nearly as marked as in the former 
experiment; still, the beneficial influence of lime was clearly seen 
in the case of the Tares soil on either field, though not appreciably 
so on the Mustard soil of either. It was shown, however, that 
none of the other applications were likely to do any good without 
lime. 


4. The Relative Values of Lime and Chalk, 1925. 

The experiments begun afresh in 1924 — and in which, contrary 
to earlier practice, phosphates and potash were used additionally— 
were continued in 1925, the same soil (from Stackyard Field) with- 
out further additions being used, and wheat being sown on 
November 20th, 1924. 

In June, 1925, a top-dressing of Nitrate of Soda (IJ cwt. per 
acre) was given to all the pots. 

The plant grew very fairly throughout and there was not tho 
difference in germination noted with the higher amounts of lime 
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and chalk when applied in the first year; the marked differences 
in growth between the lime series and the chalk series previously 
recorded, were also absent. 

The wheat was cut on July 25th and the following comparative 
results were recorded, the figures for 1924 being repeated for 
convenience of reference : — 


Lime and Chalk upon Wheat—S tacky ard Field Soil, 1924 and 
1925. 


Treatment i 

.9 

Com 

24 

Straw 

lt'25 

Corn 1 Straw 

No Lime 

100 

100 

100 

100 

lime (CaO) 10 cwt. per acre | 

113 

100 

105 

118 

„ ,, 1 ton „ I 

136 

133 

126 

130 

„ „ 2 tons „ ; 

145 

167 

109 

119 

„ „ 3 ,, „ i 

168 

196 

113 

117 

4 „ ,, 1 

179 

194 

121 

116 

Chalk— 10 cwt. CaO „ 

94 

88 

111 

123 

„ = 1 ton „ ,, 

94 

79 

114 

131 

„ = 2 tons „ „ i 

i 101 

: 94 

! 116 

^ 116 

„ = 3 „ „ 

99 

93 

' in 

124 

„ == 4 „ „ „ ; 

92 

78 

127 

: 118 

Ground Limestone, 1 ton per acre 

84 

72 

^ 130 

124 

„ „ 2 tuns „ 

85 

76 

i 

137 

1 119 


It will be seen that in the second year the increase due to lime 
was less than before, while chalk, that showed no effect in the first 
year, was not equal in its results to lime. A similar result was 
noticed in a corresponding set of experiments carried on over the 
4 years 1919-22 (see report of 1922, p. 72). 

Further, it would appear that ground limestone — which had 
shown no benefit at all the first year — was now beginning to come 
into action, it giving the highest results of all. 

This experiment will be continued. 

5. Magnesia and Magnesium Carbonate on Wheat, 1925. 

This series, also started afresh in 1924 on Stackyard Field 
soil and with addition of pliosphate and potash, was continued in 
1925, the same soil, without further additions, being used and 
wheat being sown on November 20th. 

This year only the two highest amounts of magnesia (3 and 4 
tons per acre) affected the plant or reduced the produce. A partial 
explanation is that in the first year the magnesia applications 
were given to the top 6 inches of soil only, whereas the soil was 
turned out and mixed before the second crop was sown. Magnesium 
carbonate in the higher amounts of 3 tons and 4 tons per acre 
seemed also to exert some toxic effect. 

A top-dressing of Nitrate of Soda (1^ cwt. per acre) was given 
^0 all the pots in June, 1926. 




120 


The wheat was cut on July 25th, and the comparative results 
are recorded, along^ with those of 1924, In the following Table : — • 

Magnesia and Magnesium Carbonate upon Wheat — Stackyard 
Field Soil, 1924 and 1925. 


Treatment 

111 

Com 

24 

.Straw 

IS 

Corn 

25 

Straw 

No Magnesia 

100 

100 

100 

100 

Magnesia (MgO) 10 cwt. per acre 

185 

189 

183 

122 

„ 1 ton „ 

180 

216 

152 

104 

„ „ 2 tons „ ' 

— 

. — 

155 

133 

„ 3 „ „ : 

— 

— 

O'l 

90 

„ „ 4 „ „ 

— 

— 

— 

324 

Magnesium Carbonate — 10 cwt. MgO 





per acre : 

148 

' 158 

; 147 

125 

„ „ r= 1 ton 

191 

i 199 

' 119 

i 114 

„ „ = 2 tons 

201 

230 

113 

i 77 

„ = 3 

220 

; 240 

13'4 

53 

„ „ = 4 „ 

: 191 

235 

17'3 

55 

Ground Magnesian Limestone = 





1 ton per acre 

lOS 

108 

138 (?) 

107 

„ „ „ 2 tons 

108 

108 

131(?) 

97 


The more potent action of Magnesia over Magnesium car- 
bonate, both in improving tlic crop when used in small amount, 
and in injuring it when used in large amounts, is well brought out 
this second year. 

Similarly, 10 cwt, of Magnesium carbonate per acre gave quite 
a marked increase, one shared to lesser extent with 1 ton and 2 
tons, but, as with Magnesia, failure came with the 3 tons and 4 
tons applications. This, however, had not been the case in 1924. 

The results as regards ground Magnesian limestone are some- 
what uncertain owing to irregularities of the duplicates. As yet 
no injurious effects have shown. 

These experiments, which are quite in line with those of 
former years, will be continued. 




YIELDS OF 

EXPERIMENTAL PLOTS 


1925, 1926 
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THE USE OF THE STANDARD ERROR 
IN FIELD EXPERIMENTS. 

With the present report the departure Is made of giving in 
the summaries of the results of replicated experiments a standard 
error by which the precision of the results may be judged; a 
practice which, originating in astro^nomy, has for several years 
been applied in various ways in scientific agriculture, but not 
hitherto in the Rothamsted reports. This caution has in fact been 
justified by recent investigations in statistical theory, which show 
that only when special precautions are taken in the design of the 
experiment can we be certain that the estimate of error made 
represents with validity the actual errors to which the results 
are exposed. Systematic methods of arrangement, into which 
no element of chance is admitted, are in fact liable to components 
of real error which find no place in the estimate, and it is only 
where the relative position of the individual treatments are deliber- 
ately assigned by appropriate chance operations, that the standard 
error as estimated can claim to represent the experimental errors 
actually present. All the replicated experiments of 1926 and all 
but a few in 1925 conform to this condition; for the sake of 
comparison estimates have been made for some of the 1925 experi- 
ments which do not a<lmit of strictly valid estimation, the un- 
certainty arising from this cause being noted in each case. 

The statistical procedure by which the standard errors have 
been obtained is in all cases that known as the Analysis of 
Variance. In this method the whole of the variation exhibited 
by the experimental yields is divided into the parts appropriate to 
the dKTerent components of which it is composed; in consequence 
it Is possible to be sure that differences in yield due to causes, 
such as the different fertility of different blocks of land, which 
have no influence on the experimental comparisons, have been 
completely separated from that portion of the variation which is 
ascribable solely to experimental error. 

Of the two measures of error in common use, the “ probable 
error ” and the “ standard error,” the latter has been adopted, 
as the more readily calculated and in other ways the more con- 
formable to modern practice. The probable error is in fact ob- 
tained from the standard error merely by multiplying by a constant 
factor, 0.6745, or approximately 2/3. The standard error Is 
therefore the larger measure, but in respect of all considerations 
arising^ out of the theory of estimation the two measures are on 
precisely the same footing. 

The practical use of the standard error is to discriminate 
between cases in which a particular difference in yield can be 
reasonably set aside as accidental, and cases in which such an 
explanation requires that an improbable coincidence should be 
postulated, and in which therefore we have a sound basis for 
interpreting the difference as a real response to the treatments 
applied. As a working rule differences between treatments ex- 
ceeding three times the standard error may be accepted as signifi- 
cant. Full and precise tests of significance have, however, been 
applied to all tables. 
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CROP YIELDS ON THE EXPERIMENTAL PLOTS. 

Notes.— In each case the year refers to the harvest, Wheat harvested in 1926. 

In the tables, total straw includes straw, cavings and chaff. 


CONVERSION TABLE. 


1 acre = j 

' I bashel (Imperial) =: 

1 lb.(poundavoirdupois)= 

1 cwt. (hundredweight) = 

1 metric quintal ... 

1 bashel per acre = 

; 1 lb, per acre ... = 

' 1 cwt. per acre ... = 


0.405 Hectare 

0.364 Hectolitre (36.364 litres) 
0.453 Kilogramme 

50.8 Kilogrammes 

Kilogrammes 

lb 

Hectolitre per Hectare 
Kilogramme per Hectare 


f 100.0 
(220.46 
0.9 
1.12 
125.60 


0.963 Feddan. 
0,184 Ardeb. 
1,009 Rotls. 
(113.0 Rotls. 

’( 1.366 Maunds. 


0,191 Ardeb per Feddan.: 
1,049 Rotls per Feddan.' 


Kilogrammes per Hectare or 117,4 Rotls per Feddan.’ 


1,256 metric Quintals per Hectare ■ 


In America the Winchester bushel is used ^^35.236 litres, 1 English bushel- ].03it American bushels. 


CROPS GROWN IN ROTATION. AGDELL FIELD. 

PRODUCE PER ACRE. 


Year. 

CROP. 


0, 

Lnnianured, 

' "fi.' 

Clover 

Fallow. 1 ,, 

Be.ms 

M. 

Mineral Manure- 

- 

Clover 

C. i 

Complete Mineral 
Nitrogenous Mmurei 

■ Clover 1 

F.allow- ; 

Beans. 


AVERAGE OF THE FIRST NINETEEN 

COURSES, 1848-I92S. 



Roots (Swedes) 
Barley— 

cwt.* 

32,7 11.2 

175.7 

195-9 

; 355.3 

302.0 1 

1 


Dressed Grain 

busli. 

22,7 20.9 

23.8 

27.9 

: 32.2 

36.8 ; 


Total Straw .. 
Beans — 

cwt. 

13.9 13.7 

M.O 

16.0 

: 19.5 

22.6 : 

! 

Dressed Grain 

bush. 

- 13.1 

— 

18,2 

— 

22.3 

1 

Total Straw .. 

cwt. 

— 9.2 

-- 

13 2 

__ 

15,3 


Clover Hay 
Wheat— 

cwt. 

— 2S.3 

— 

54,1 


55.0 


Dressed Grain 

bush. 

24,2 ■ 22.8 

28.5 

31,3 

29,5 

^ 31.2 ^ 


T(;tal Straw .. 

. cwt. 

23.7 . 21.7 

29.0 

30.3 

31.4 

: 30.4 


PHESENT iCQUBSE i20th), 1924, 1925 and 1926. 


^ 1924 
; 1925 

Roots (Turnips) ... cwt. 
Barley- 

2.9 

0.7 1 

; 42.8 

31 5 

: 127.4 

^ 104.7 


Dressed Grain bush. 

10 86 

7,35 ' 

' 10 09 

16.70 

10.35 

S.60 


Offal Grain ... lb. 

42.0 

49 0 • 

94.0 

38.0 

53,0 

59.0 


Straw lb. 

633 0 

678,0 

602 0 

86(i 0 

626,0 

541,0 


[ Total Straw ... cwt. 

7.2 

7 .5 

7,4 

9.3 

7.0 

6,5 


1 Wt, of Dressed! ,, 

1 Grain per bush. ) 

i Proportion of TotaH 

52.7 

51.6 

; 52 5 

53.6 

53.3 

: 54.3 

’ 1926 

i Grain to 100 of^ 

Total Straw } 

76 3 

.50.7 

: 75.5 

89.2 

. 77,0 

; 72.4 

1 Clover Hay ... cwt. 


14 2 

! ■■■■ 

32.2 


: 26.3 


* Plols 1. 3 .in<I 5 based upon IS years 

Plot<; 2, 

4 ;\iHi () Kr 

srdupen 

i: years. 
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METEOROLOGICAL RECORDS, 1925 and 1926, 















Rain. 

Drainage through soil. 



Temperature (Mean), 

i 



No. of 











Total 

Rainy 




Bright 



1 ft. in 
ground. 




Fall. 

itjW 

Acre 

Gauge. 

Days. 
(0.01 inch 
or more) 

Acre 

20 ins. 
deep. 

40 ins. 
deep. 

60 ins. 
deep. 

Sun- 

shine. 

Max. 

Min. 

Solar 

Max. 

Grass' 

Mitl.: 



Gauge. 










1925 

Inches. 

No. 

Inches. 

Inches. 

Inches. 

Hours. 

°F. 

°F. 

°F. 

“F. 

op i 

Jan. ... 

2.053 

18 

1,804 

1,870 

1.845 

52.7 

44.6 

34.6 

39.6 

64.2 

32.2 

Feb. ... 

3.940 

16 

3.413 

3.452 

3.457 , 

68.3 

45.3 

35.7 

40.0 

83.4 

31,7; 

Mar. ... 

1.219 

12 

0,340 

0.442 

0.426 1 

89.3 

45.0 

34.5 

39.2 

91.8 

30,2- 

April ... 

1.703 

16 

0.149 

0.183 

0.169 1 

139.6 

52.1 

37.1 

44,3 

106,8 

32.7, 

May ... 

2.4S0 

18 

0 391 

0.534 

0.486 

204.7 

60,8 

44.7 

52.4 

121.2 

40.7 ■ 

J une . . . 

0.121 

2 

0,002 

0.033 

0.043 

259,5 

68.0 

48.2 

59.6 

119.4 

^3,1' 

July ... 

4.428 

15 

1.573 

1.343 

1.284 

183 6 

70.9 

53.4 

62.4 

125.5 

48.4 

Aug. ... 

2.972 

15 

1.048 

1.180 

1.095 

133.1 

65.8 

52.8 

60.1 

116.9 

49.1, 

Sept, ... 

3.287 

18 

1.528 

1.605 

1.501 

124 3 

58.6 

46.0 

53.7 

112.0 

40,9. 

Oct. ... 

3.013 

14 

2.078 

2.203 

2.037 

102.9 

56,5 

44.2 

51.0 

97.7 

39.9 ■ 

Nov. ... : 

2.241 

15 

1,481 

1.706 

1.616 

90.6 j 

43.4 

34.1 

42.2 

76.6 

29.8 

Dec. ... 

2.127 

16 

1,900 

2.052 

1.903 

57.8 ; 
1 ! 

41,3 1 

31.3 

36.3 

60 6 

27.6; 

jTotal or • 
1 Mean i 

29 584 

175 1 

15.707 

; 16.603 

15.862 ; 

i 1506.4 * 

54.4 

41.4 

48.4 

98.0 

37.2 

; 1926 1 












1 Jan, ... ' 

3-511 

19 

' 3,169 

3.387 

; 3 260 ^ 

1 45.7 

i 43.9 

32.5 

38A 

66.2 

29,6 

' Feb. ... 

2 494 

17 

2.112 

2.431 

^ 2,298 

i 40.6 

48.4 

39.5 

42.1 

72.5^ 

35.4 

; Mar. ... 

0-215 

5 

0 003 

0,049 

0 041 

i 119.9 

49.4 

^ 36.9 

42,3 

99.3 1 

30.5 

; April ... ; 

2 '963 

16 

0.861 

0 938 

■ 0 862 i 

108.2 

i 55.3 

40.7 

46.4 

105.9 

33 3 

' May ... i 

1945 

18 

0.369 

0.653 

■ 0.581 1 

153.6 

57.4 

42,9 

50,5 

117,1 ^ 

38.3 

i June ... I 

3 014 

13 1 

0,943 

1.258 ; 1.157 

180.7 

63.3 

; 47.9 

57.8 

123,91 

1 42.9 

ijuly ... 1 

2 '787 

11 i 

0.291 

0.442 

0 384 

151.5 

68.6 

! 54.5 

61,5 

123.9; 

1 30.5 

1 Aug. ... 1 

1190 

9 1 

— 

0,035 

0.033 

1 195.2 

i 69,0; 52.8 

60.9 

122.8 : 

i 47.4 

\ Sept. ... ^ 

1-788 

11 ! 

! 0.576 

0 659 

0.600 

! 133.2 

i 65.8 

51.3 

59.3 

112.8 I 

1 46,3 

Oct. ... ; 

2672 

14 ! 

1.149 

1.230 

1.135 

' 98.5 

[ 52.4 

40.3 

48.9 

95.9 1 

1 35,7 

; Nov. ... 

; Dec. ... ■, 

5321 

24 

4.520 

4,840 

4.644 

‘ 45.0 

! 47.7 

37.4 

43.3 

75,8 i 

33.0 

0 477 

6 ! 

0.329 

0.525 

0.467 

: 64,5 

1 42.3 

i 

33.8 

38.8 

67.8^ 

' 29.9' 

jTotal or i 
Mean j 

28.377 i 

163 

14.322 

16.447 

13.462 

j 1336.6 

55.3 

42.5 

49.2 

98.7 

! 37.9; 


RAIN AND DRAINAGE. 

MONTHLY MEAN FOR 56 HARVEST YEARS, 1870T-1925-6. 



"d 

Drainage. 

Drainage % of 
Rainfall. 

Evaporation. 

] 

d 

i ^ 

i 

1 20-in, 40-in. | 60-in. J 20-in. j 40-in. j 60-in. 
jGauge Gauge Gauge iGauge iGauge [Gauge 

20-in. j 40-in. 1 60-in 
Gauge Gauge -Gauge 


i Ins. 

Ins. i Ins, 

Ins. 

% 

% 

% 

Ins. 

Ins. 

Ids. 

September 

■ 2.384 

0.785 ; 0.753 

0.689 

> 32.9 

31.6 

28.9 

1.599 

1.631 

1.695 

October ... 

i 3,161 

1.830 i 1.789 

1.662 

! 57.9 

56,6 

52,6 

1.331 

1.372 

1.499 

November 

: 2.725 

2.055 1 2 091 

1.971 

75.4 

76.7 

72.3 

0.670 

0.634 

0.754, 

December 

; 2,857 

2 439 2.525 

2.411 

85.4 

88.4 

84.4 

0.418 

0.332 

0.446 ! 

1 January ... 

2,389 

1.942 2.123 

2.043 

81.3 

88 9 

85.5 

0.447 

0.266 

0.346! 

j February 

2.039 

1.515 1,618 

1 545 

74.3 

79.4 

75 8 

0.524 

0,421 

0.494 i 

■ March ... 

i 2.027 

1.091 ; 1.221 

1.154 

53.8 

60,2 

56.9 

0.936 

0.806 

0.873 : 

1 April 

2.053 

0.660 i 0.730 

0 696 

32.1 

35,6 

53.9 

1.393 

1,323 

1.357; 

i May 

; 2.054 

0.484 ; 0,550 

0 516 

23.6 

26.8 

25.1 

1.570 

1.504 

1.538 

; June 

: 2,245 

0.560 ’ 0.588 

0.567 

24.9 

26.2 

25.3 

1.685 

1.657 

1.6/8 

j JuJy 

' 2,746 

0.726 ' 0.748 ; 

0.696. 

26.4 

27.2 

25.3 

2 020 

1.998 

2.050 i 

; August ... 

2.662 

:. 0.699 • 0.704 

0.660 

26.3 

26,4 ; 

24.8 

j 1.963 

1.958|2.uu.i 

, Year 

;29.342 

14.78615.440' 

114,610 

50.4 

52.6 

49.8 

14.556 

13.902*14.732 


Area of each fame acre. 



Strip. 
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MANGOLDS, BARN FIELD, 1925 and 1926. 

Roots since 1856. Mangolds since 1876. 

Produce per Acre. 


Cross Dressings. 


Strip Manures. 


1925. 

I 1 Dung only 

: 2 Dung. Super., Potash ... 

; 4 Complete Minerals 

I 5 Superphosphate only ... 

: 6 Super, and Potash 

7 j Super., Sulphate of Mag., 

I and Sodium Chloride 

8 I None 

! 9 I Sodium Chloride, Nit. 

I Soda. Sulph. Potash, 
and Sulph. Mag. 

1926. 

1 Dung only 

2 Dung, Super., Potash ... 

4 Complete Minerals 

5 I Superphosphate only ... 

G ; Super, and Potash ; 

7 j Super.. Sulphateof Mag.. | 

and Sodium Chloride 

8 None 

9 Sodium Chloride, Nit, 

Soda, Sulph. Potash 
and Sulph. Mag. 


ilL. 0.93 1 

i|R. 3.64 
ML. 1.12 
MR. 4.16 
ML. 1.11 
Mr. 3.49 
ML. 1,00 
./R. 232 
ML. \.oi 

(R. 17.08 

(L. 3.83 


Tons 

2S 55 

5.98 

27 13 

6.41 

fR.16.84 
|L. 4.98 
I R 16 90 
(L. 5.65 
14.01 
4.32 
14.31 

4.36 

14 81 

3 23 

4 94 

3.37 


MR. 21 16 

MI- 3.39 

(R. 23.80 

ML. 3.25^ 


;(L. 0.S5:& 

jR, 4.81 
( L. 0.86: 
MR. 5.4i: 
ML. 0.89: 
MR. 5,28 
I L. 0,96' 
|R. 3 36 
(L. 0 81 

I R. 25.09 

IL. 3,11, 


31.39 

4,58 

54.72 

4.83 

IR.24.07* 
IL. 3.93 
I R. 23.75 
IL. 4.31 

18.39 

2.67 

20.80 

3.02 

21.27 

3.24 

13,97 

3.72 


A. 

i A.C. 

c. 

Ammon. 

1 Salts. 

Ammon. 

; Salts and 
;Rape Cake. 

Rape 

Cake, 

Tons 

Tons 

Tons 

19 14 

1 18.99 

18.20 

6,35 

i 6.74 

5,77 

1 25.21 

: 23.22 

23 25 

; 6.26 

7.2S 

6.49 

'jr 1427 

22.43 

16.07 

3.68 

6.05 

3.98 

6 10 

630 

6.63 

3.69 

4.51 

4.26 ■ 

^ 13.91 

18 18 

13,46 : 

3.59 

5.90 

3.66 i 

1421 

13.37 

1209 

3.05 

5,25 

3.38 

281 

5.25 

4.03 t 

2,23 

3.39 

2,32 ; 

21.77 

18.35 

19.39 

4.24 

3.81 

4.^8 : 

30 84 

30.08 

27.90 

’ 5.22 ^ 

6,07 : 

5.47 ; 

|| 19 52 

25.77 

16.39 

j 2.92 : 

4,12 ; 

2.52 ‘ 

9.25 

829 

10.28 ! 

2.17 ^ 

2.25 : 

2.39 ^ 

1786 

2105 

13.29 ; 

2.58 

4.12 

1.94 ’ 

1886 

20.00 

1186 i 

3.08 ^ 

3,94 

2.36 : 

7§5 

7,73 

804 

3.02 

2.41 ; 

2.57 f 







^ R, ■ mots. L.-k'aves. 

1^'" S»lph,,to Pf Snlphiie of 



HAY. THE PARK GRASS PLOTS, 1925, 1926. 
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The Park Grass Plots. 

BOTANICAL COMPOSITION, PER CENT. 1923, 1st CROP. 
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The Park Grass Plots— 

BOXANTICAL COMPOSIXION, PER CENT. 1924, 1st CROP. 
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WHEAT. BROADBALK FIELD, 1925. 
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WHEAT. BROADBALK FIELD, 1926. 

Top portion fallowed. 




Dressed 




c ^ 



Grain 

Offal 

Straw 

Total 






Grain 

Straw 


plot 

M an u rial Treatment 

Yield 

■ U'eipht 

per 

Acre 

per 

Acre 

l)er 

.Acre 




Acre 

1 B^hel 







bush. 

1 lb. 



JWVt._ 

Z'^-1 

2 \ 

Farmyard Manure 

6 8 

54. S 

113 

1979 

24.6 

17.6 

in 

Farmyard Mamire 

6 5 

55 5 

133 

2675 

33.6 

13 2 

j 

Un manured 

0.9 

; 57 5* 

9 

135 

1 8 

30.2 

5 

Complete Mineral Manure 

2 2 

57 5 

17 

285 

3.5 

38. 8 

6 

As 5, and Single .Amm. Salts 

5 9 

56 8 

50 

1030 

13 0 

20.5 

7 

As 5, and Double Amm. Salts 

5,7 

55.1 

91 

1985 

23.3 

15.4 

S 

As 5, and Treble Ainm. Salts 

7.5 

' 50.4 

ns 

2973 

33 5 

13 2 

9 

As 5. and Single Nitrate of Soda 

5,8 

34.0 

72 

1293 

16,0 

21.S 

10 

Double Amm. Salts alone 

4.4 

51.3 

84 

1030 

12 6 

22,0 

u 

As 10, and Superphosphate 

4.2 

53.0 

113 

1360 

17.7 

1 6.8 

u 

As 10, aijd Super, and Sulpb Soda 

7 1 

54.1 

149 

1733 

21.7 

21.9 

13 

■ As 10, and Super, and Sulpb. Pota^l) 

9 3 

56.3 

123 

2205 

26.4 

21.7 

14 

As 10. and Super, and Siiljih. M,pL;nesia ... 

8 6 

54.6 

135 

1838 

2> 7 

24.1 

15 

Double Amm. Salts in Autumn and Minerals 

5 5 

56.4 

107 

1408 

1S.9 

20.4 

10 

Double Nitrate and Minerals 

7.5 

54.4 

141 

2283 

27.8 

' 17.8 

171 

Minerals alone or Double Amm 

6.4 

56 0 


1508 

I SO 

22.9 

18 i 

Salts alone in alternate years 

3 6 

56,0 

60 

668 

9.0 

27.2 

19 

Kape Cake alone 

4,4 

53.4 

98 

1503 

17.6 

j 16.6 


* .\u floin plo! 5. 
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RED CLOVER grown year after year on rich Garden Soil, 
Rothamsted Garden. 

Hay, Dry Matter, and Nitrogen per Acre, 1925 and 1926. 


Year 

No. of 
Cuttings 

As Hay 

Dry 

Matter 

Nitrogen 

Seed Sown 

1925 

2 

1525 

1270 

33 

April 17th, Re-seeded 

1926 

2 

1248 

1040 

32 

June 1st, Patched 

Averages: 

25 Years, 1854—1878 

1 ^ 

j 7664 

6387 

179 


25 vears, 1879—1903 

3924 

3270 

101 


20 years. 1904 — 1923 

2640 

2200 

65 

; 



WHEAT AFTER FALLOW (without Manure 1851, 
and since). 

Hoos Field, 1925 and 1926. 


Dressed (Jrairi' 


Yield per Acre-— biisli els 


( Weight per Husiiel — lb. 

Oftal Grain per Acre — lb. 

Straw per Acre — lb. 

Total Straw per Acre — cwt 

[’roportion of Total Grain to 100 of 
Total Straw 


1925 

r 

1926 

1 Average 
: 70 years 



: 1856-192.5 

5.9 

5.24 

1 

1 14.70 

58.9 

58.2 

1 58.8 

33.5 ' 

96.0 

I 50.7 

623.0 

780.0 


6.8 

1 9.0 

j 12.7 

40.8 i 

39.7 

! 


AVERAGE WHEAT YIELDS 0 / VARIOUS COUNTRIES. 


Country 

Mean 
Yield 
per Acre 
1901-10 

Inishcls 

Country 

Great Britain 

31,6 

Denmark 

l-.ngland 

31.7 

Argentine 

Hertfordshire 

i 30.5 ! 

1 Australia 

France ... 

20.2 i 

Canada 

Germany 

; 29,1 

: United Stales 

Belgium 

i 35.1 ! 

K ussi a— E u ropean 


Mean 
Viehi 
per Acre 
1901-10 

41.3 
10.0 
lo.l 

19.5 

14.3 
10.0 


Note. - Fijjiire*; for Groat l^ritain, Kti^lnnd and Hertfordshire arc taken from the Iloarii of 
Agricnltiire’s ‘ Ajiricultural Statistics," Vol, Other (iKures from Anniwiro 
International dc Staiisti«|ue Afjricolc." 1910-12. and converted at the rate of 60 10 . 
t)cr bushel. 
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Little Hoos Field. Swedes, 1926, 

Produce per acre. Roots and Leaves in Tons. 



Manurial Treatment ' 

i 1 

Roots [Leaves! Total 

Season 
of last 






Dressing 

A 1 

j 

Control 

/2,67 

2.M 

J42J2 


“1 


21.79 

3.94 

25 73 

1926 


Ordinary Dung, 16 tons 

11.46 

2.57 

14.33 

1921 

*^1 


M.25 

2.44 

10.69 

1922 

51 


9.20 

2.53 

11.73 

1924 

B 1 

Cake-fed Dung, 16 tons 

21.11 

5 75 

24 86 

1926 

i 

Control ... 

J3.J0 

.462 

!r>.92 

— 

3! 


14.95 

2.99 

17,94 

1021 

4 ■ 

Cake-fed Dung, 16 tons 

13. SS 

3,09 

16.97 

1922 

51 


12.74 

2.94 

15,68 

1924 

C 1 1 

Shoddy; Superphosphate; Sulphate 

16 74 

3 01 

19.75 

1926 

j i 

of I^otash 

13.44 

2,62 

16.06 

1921 

J 

Control 

10. 2S 

} j } 

10 00 

— 

4 

Shoddv ; Superphosphate 

5.72 

1,5c 

7.28 

1922 

5 I 

Sulphate of Potash 

l.,S7 

0.56 

2.43 

1924 

nil 

Cuano; Sulphate of Ammonia 

17 31 

3 20 

20.51 

1926 

3 - 

Sulphate of Potash 

13,71 

2 68 

16.39 

1921 

it 


IJ.Oh 

2.79 

15.75 

1922 

4 

Control 

U jJ 

2 30 

IJ.70 

— 

5 

; Guano; Sulphate of Ammonia, Sal- 






pbaie of Potash 

13.70 

3.41 

17.20 

1024 

K 1 I 


16 86 

2^89 

19 75 

; 1925 


Rape Dust ; Superphosphate 

1 1 .64 

2 55 

14,19 

1921 

i 

■ Sulphate of Potasii 

5.71 

2. US 

10.79 

1922 

4l 


14.36 

2,62 

16 <tS 

: 1924 

5 

; Control 

lO.S! 

2.42 

IJ.22 

-- 

F 1 

1 Control 

7 20 

1 7,V 

S MS 


-i i 


15 S4 

2 85 

18 39 

^ 1926 

i ■ 

Superphospii.ttc ; Sulphate of Atiuno 

5.95 

1,40 

7,35 

i 1921 


i nia; Sulphate of Potasii 

6 59 

1.41 

5.00 

: 1922 

5.t 


11.66 

2 00 

13 60 

; 1924 

(, 1 1 

Bone Meal ; Sulphate of Amnumia ; 

14 46 

2 97 

17 43 

^ 1026 


Sulphate of Potash 

7, OS 

1 55 

8.9t) 

: 1921 

i 

Control 

.i AYi 

J.OO 

4.9:') 


4- 

; Bone Meal : Sulphate of Ammonia ; 

6.54 

1 75 

8.39 

^ 1922 

5 • 

Sulphate of Potash ... 

' H SO 

2 02 

10 91 

; 1924 

FI 1 , 


13 40 

2 08 

15.48 

! ]9.:6 


• Basic Slag ; Sulphate of .\rninonia ; 

9 50 

1 .5,5 

1 1.3S 

1921 

i 

: Sulphate of Potash 

0.47 

1.94 

11.41 

1922 

4i 


^ 9 5,5 

1 85 

11 73 

: 1924 

5 

! Control ... 

I 4.70 

1.47 

0.2J 

. - 


tie Id fell iu wed. 

Notes.— Since V)\0 iho mannr'* for f a'!i pint ir xeept nf scrii a .-N ntid has berti ialit>nr<i .*! 
•W) lb. Nitr< ItX) ib. i.'alriudi I'iiO'phiti'; ami 50 Ih, I’nta.h jm i ,icio. Kacli }'t''t li.o 
been .supphed with as nui' li of it.. itarlinil.H manure MuhMv. Cu.uit), rtc.iav jiovvihl'' 
without f^ceedinri du- rofojpt HI aru of the tlirt c ranonrO initreiiients, .\m' <1- ficit 
in eitlif-r nf these three h,m been itiaiU' noorj in .oiiliiKt llff- tn-i'ess-iry qiianmv "t 
Sdlpliaie of Ammonia. Snpri plmsjiliatc, oi Sulpli.iit’ of i'ntasli. No niinuie ».i' 
applied for crot*. 

I*i«iires in italics rlrnotc tinm.tnurcd plots, The yieltl on the jilots to winch tin: 
iiiaiuire was applied m a ^tiven season aic priiUed in heavy tytK', 
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Hay. Great Field, 1925 and 1926. 



— 

Yield 

Yield 

Dry Matter 



per Acre. 

per Acre, 

per Acre. 


Manorial Treatment. 

; 1925. 

1936. 

1926.^ 

Plot. 

Quantities per Acre, 

^ No 

With 

No 

VViih 

No 

With 1 



Potash. 

Potash, 

Potash. 

Potash. 

Potash. 

Potash.; 



; cwt. 

cwt. 

rwt. 

cw*t. 

lb. 

ib. i 

1 A 

1 B 

1 High Grade Slag, No. 12, 1,170 lb. j 

38.2 
^ 48.4 

34.8 

42.9 

41.6 
43 2 

40.4 

37.5 

3628 

3776 

3519 1 
3381 1 

12 A 

1 2 R 

[ Open Hearth Slag, No, 13, 1,925 lb. | 

. 36.3 
45.0 

37.9 

35.0 

36.3 

.37.3 

42,3 

39.5 

3159 

3214 

3741 1 
3688 ‘ 

! 3 A 

I 3 B 

jopen Hearth Slag, No. 14, 1, 9301b. | 

; 39.8 
' 40.7 

34.3 

32.3 

35.5 

37.5 

38.4 

40.9 

3198 

3384 

3336 1 
37.30 

1 4 A 
^ 4 B 

1 Galsa Phosphate 750 lb - 

47.0 

42,5 

32.7 

32.7 

39.6 

37,3 

41 1 
^ 42.3 

3358 

3252 

4129 

3940 

j AC 
' B C 

i| Control. No Manure | 

37.0 

45.2 

34 1 
35.7 

31.8 

40.2 

43,0 

38.2 

2853 

3154 

3048 

3397 

: 7 c 
i 7 D 

'1 Nauru Phosphate 263 lb 

37.1 

33.6 

: 35.5 
32.9 

— 

~ 

— 

I 

S C 
: 8 D 

1 Nauru Slag Phosphate, No. 8, 41 1 lb. | 

36.4 

30.7 

31.3 

31.4 

— 

— 

■ — 

— ! 

^ I C 

: High Soluble Slag, No. 1 , 872 lb. 

33.6 

. 38.8 

. — 

— 

— 

— i 

; 2 C 

Low Soluble Sl.ig, No. 2 , 1,225 )b. 

30,7 

33,4 

— 

-- 


I 

i 3 C 

Gafsa Phosphate, 34/ lb 

30.5 

36.1 

. — 

— 


~ , 

4 C 

, Tunisian Phosphate, 336 !h. 

33.4 

34, <S 

~ 



— : 

; 5 c 

' Florida Phosphate, 292 lb. 

36.4 

35 5 

— 

— 

— 

— ^ 

; jcontrol. No Manure ■ 

1 27 9 
: 30 0 

32.0 

27.1 

- 

- 

- 

- 


Kaiiiit ai ^ cwt i'-T an t*. ai’iiliec5 J.irinary 2sth. 1^.4. 
* Dry Mant*r d*'tci inm.iiinns were iiPl made in 1M5. 
Series C and l> wen* discarded in 19.i6. 


Great l\nett Field, 1926. 

Produce per Acre. 


Wheat 

Yield 

1 Varieties 

IHT Acre 


Inish. 

j Red Standard 

30.7 

, Browick A 

... : 36.8 

j Browick B 

36.2 

1 Little Joss A 

459 

^ Little Joss B 

46.5 

K, Million A 

37.1 

i K, Million 13 

37,4 


(iiam 
Well.; lit 
pur bush. 

lb. 

Straw 
per Acre 

lb. 

Straw 
per Acre. 

cwt. 

1 r(.ii'''ita-n 

of Total 
Grain to lOO 
Tcul Straw 

61.4 

3105 

31.4 

54.6 

58.7 

4118 

42,8 

49.4 

57.7 

3406 

35,5 

53.5 

62.6 

4795 

48,3 

55.5 

61,8 

4630 

47.2 

57.4 

61.4 

3900 

43.5 

48.9 

61.2 

3224 

3S,9 

54S 
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REPLICATED EXPERIMENTS. 

QUALITATIVE EXPERIMENT WITH POTASH 

Potatoes (Kerr’s Pink). 


1925, West Barnfield. 

S.E, 


I 

c 

D ' 

A 

B 

II 

A 

; 3 

c 

D 

III 

D 

; C 

B 

A 

:v| 

B 

A 1 


C 


Repeated each year in a 4 x 4 Lj 


1926, Stackyard Field. 

N.E. 


I ! 

c 

B 

A ' 

D 

U 

B 

D 

c 

i 

A 

III 

D 

A 


C 

IV 

i A 

C 


B 


Square with plots of of an acre. 


Actual Weight in lb. 


Row 

i 


1925 




1926 


j Basal 

; Sulphate ’ 

Muriate 

P.M.S. 

Basal 

Sulphate : 

Muriate ; 

P.M.S. 


A 

n 

C 

1) 

A 

B i 

C 

I) 

I 

173 

308 

444 

422 

! 461.5 

i 557.0 

584,0 : 

4083 

11 

; 279 

439 

423 I 

409 

389.0 

519.5 

477 0 

4.S5.5 

III 

212 

445 

428 ’ 

436 

378,5 

1 467.5 ; 

491,5 ^ 

474 j 

IV 

237 

453 

393 

410 

464.0 

1 492.0 

511.0 ^ 

507 0 

Total 

901 

: 1735 

1688 

1677 

1693.0 

2036,0 I 

2063.5 

1065-5 


Summary. 




Basal 

Basal 4- 

Basal 4 

Basal + 

1 

! 



hcTTt, Super 

2 cwt.Sulph. e<unv. Mur 

cijuiv. Pot, 


1 - L. 

Year 

Average Yield 

2 cwt.Sulph 

of Botasli 

of Poiash 

man. salts 


z •' 



of Am in. 

1925-47.71% 

1925-52. U'!l 

1925-27.65% 

i > 





1926-4S 14% 1926-52 1 

!9:6-29.60'5-', 

i 

i 

1925 

; f Tons per acre ... 

...! 5.03 

9.68 

9 42 

9.36 

8.37 

0.203 

il Per cent. 

...i 60.1 

115.6 

112.5 

: 111.8 

:i 100.0 

2 43 

1926 

f Tons per acre ... 
Per cent. 

...; 9.45 

...' 87.3 

11.36 

105 0 

11.52 

106.4 

10 97 ; 

101.3 

10.82 
i 100.0 

^ 0.210 
1.91 










1925. Sl^on^^ response to all potash applicatiotis, the sulphate showiti>; some superiority. 

1926. Only moderate response to potash i both sulphate and iimrlata superior to jiotash manure salts. 
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POTASH AND NITROGEN QUANTITIES. 

Potatoes (Kerr’s Pink). West Barnfield, 1925. 


S.W. 

/ II III IV 


A 

S 

M 

J 

N 

Q 

T 

S 

D 

T 

N 

Q 

J 

A 

D 

C 

R 

P 

C 

L 

M 

R 

P 

L 

C 

Q 

R 

A 

S 

D ' 

N 

J 

N 

J 

S 


P 

L 

A 

R 

M 

L 

P 

T 

C 

T 

M 

Q 


Area of plots 
acre. 

Basal Manure: — 
Superphosphate 
3 cwt. per acre. 


Actual Weight in lb. 








Basal 

Basal 


Basal 

Basal : 

Basal 

Basil! 1 







-f- 

+ 


■f 

i- : 

-r 

■ 




Basal 

Basal 

Basal 

2 cwt, 

2 cwt, 

Basal 

4 cwt. 

4 cwt. 

f) cwt. 

f) cwt, 

Block 

Control 

Basal 

-f 

+ 

-I- 

Si Pot. 

S/Pot. 

-i- 

S,Poi. 

S.Pot. 

S/Pot. 

sypot. 1 




2 cwt. 

4 cwt. 

2 cwt. 


•f 

4 cwt. 

- 

-r 

-r 

1 




S/A ID in S/Ainiii. 

S.l’ot. 

2 cwt. 

4 cwt. 

S/Pot, 

2 cwt. 

4 cwt. 

4 cwt. 

6 cwt. 







iS Ainm S/Ainm. 


S.^Ainin. S’.-Xnim. 

S.'Ainin. SlAiniii. 


r 

4 

J 

.V 

C 

! L 

P 

D 

.U 

Q 

R 

S 

I 

i 272 

1 322 

217 

328 

340 

' 437 

464 

: 38S 

: 491 

487 

508 

i 516 

II 

! 252 

■ 281 

315 

298 

320 

438 

^ 450 

352 

482 

515 

461 

: 464 

III 

i 220 

198 

247 

344 

1 341 

393 

‘ 439 

338 

' 466 

501 

519 

^ 456 

IV 

i 234 

! 191 

157 

1 85 

^ 298 

^ 377 

■ 472 

J 342 

1 449 

461 

475 

441 

Total 

: 984 : 

1 992 

i 936 

1155 

1299 

1645 

1825 

i 1420 

1888 

1964 

1963 

1877 


Summary of Results. 


I ' liai'al Basal ' Basal j Basal Basal Basal j 

Basal i Basal : t i- Basal ■ + + -r : t : _ 

i ' + I + ; i J cwl. fw(, 4 cwt. 4 cwt. fi cwt. ; 6 cwt, i ^ 

Cotilroii Basal 2c\vf. j 4 cwt. i Jcwt. S.Bot. ; S/B(it. 4 cwt. I ^Pot. S'Pot. S Pot. ^ S.-Pot. ! S 5; ^ 
j ■ S/Aitmi.iS/Aiiiiii.; S/Pot. + : + ^ S/P(U. ; + + ; a®- 

i i } I Jcwt. ; 4 cwt. j 1 J cwt, I 4 cwt, : 4 cwt. (i cwt. ;w<' 

- - I 1 i SAniin vS'.Attim.l S .Amm 'S Anuii S/Amm. S Anitn.' 

ions ... i 5.491 I 5.536 | 5.’J3 ! (i.445 I 7.::4!> 9.Ii'0 10.1ti4 7.9:4 10.536 10.960 10.954 10.474 ?j46 0.3597 ^ 

orc(;iit._: f.5.8 |o:,6 ‘77.2 | S6.S 110.0 122.0 <>4.9 126.2 3313 1.3I.2 125.5 100 4.31 


Standard 
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Potatoes (Kerr’s Pink), Stackyard Field, 1926. 


N.W, 


!n 

J 

F 

A 

D 

0 

K 

A 

^ K 

Q 

0 

D 

|L 

B 

F 

N 

B 

c 

M 

L 

: H 

P 

G 

E 


E 

P 

c; 

M 

"q 

C 

J 

! ^ 

L 

^ J 

c 

P 

Q 

’ B 

E 

‘ K 

1 ^ 

1 ■ 

0 

' C 

: H 

iT 

; 0 

i 

: P i 

i’Q' 

D 

: M 


A 

D 

; N 

1 ^ 

' p 

M 

p 

: ^ 


L 


System oe Replication Randomised 
blocks for all manurial combinations. 

Plots 5 V acre. 

Basal Dressing = 3 cwt . Superphosphate 
per acre. 


Treatment 





.Actual Aheld in lb. 




Nitrogen cwt. 




0 




1 


Potash cwt. 

0 


1 

2 

4 

0 

1 

2 

4 


.\ 



c 

i) 

[■; j 

1* 

G 

11 

I 

317,5 


363 0 

368.0 

381.5 

314.0 

383 0 

434.5 

417.5 

II 

404.5 


308 0 

356.0 

439.0 

318 0 ' 

434 0 

402 0 

422.0 

III 

351 5 


367.5 

383 5 

316.0 

357.5 

381 5 

455 3 

351.0 

IV 

3J5,0 


359,0 

328.5 

259.0 

395 5 

410.5 

^ 351,5 

.390.5 

Total ... 

1398-5 


1397.5 

11360 

1395 5 

1385 0 ; 

1609,0 

' 1643 5 

1611.0 

Nitrogen cwt. 




2 




4 


Potash cwt. 

0 


1 

'■> 

4 

0 

1 

2 

1 


J 


K 

[. 

M 

N 

o 

. P 

i,> 

I 

302 5 


444.5 

^ 4715 ■ 

449.0 

333.0 

450.0 

527.0 

56< 0 

H 

450.0 


544.5 

; 483 5 ; 

504 0 

468 0 

533 5 

500,0 

Sf’l'.i 

HI 

443.0 


472.5 

195 5 : 

474,5 

385.5 

502,5 

496 5 

5.31 0 

iV 

483 0 


430,0 

394.5 : 

414.0 

522.0 

512.0 

559.0 . 

550 0 

1 Total ... 

1684.5 


1891.5 

1845.0 ; 

1871.5 

: 1707 5 

1998.0 

2082,5 

2210.5 





Summary of Results. 







Averafie Yield in tons per Acre. 

Avcrntti; Viel<l per cent. 





Cwt. per Acre, Siilph.of I'l'Ji.ish. j Cwi. per .Acre, Snlph, of Potash. 





0 

1 2 

4 

0 1 

2 

4 . 



o o _5 

0 

7.80 

7,80 8.01 

7,79 

82.3 82.3 

84,6 

82.2 



a ^ £ 

1 

7.73 

8.98 9.17 

i 9 01 

81.6 94.8 

96,8 

95,0 ; 



; --tS 

2 

9.10 

10.56 10 30 

i 10.44 : 99.20 111,4 

108.7 

no 2 : 



: 

4 

i 

9.53 

11.15 i 11,62 

t 

12.34 

100.5 117,7 

i 122.6 

130.1 ; 



Standard Krror 0 519 tons, or 5, 48 per cent. 
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QUALITATIVE EXPERIMENT WITH POTASH. 
Sugar Beet. Woburn, 1926. 

S.S.E. 


i ' 

0 ' 

; 

1 s 

' Af 



^ M 

! ^ 

; K 

' S 

S \ STEM OF Replication ."“Lai in stpicife, 
S- Sulphate of Potasli | 

: K 1 

1 S i 

Af 

0 

c 

M = Muriate of Potash > i Basal, 

K = 30 per cent. Potash Salts) 

M 

K 

S 

\ c 

0 

C = Basal only (Super S/A-fN/S) 
0~No manure 

S 

C : 

0 

■ -W 


Area of plots, acre 





Actual W 

eights in 

lb. 




( 


o 



K 

s 


M 


Hoots 

1 'tops 

Hoots 

Tops 

Kocts 

'■ "Tops 

Roots 

'Lops 

Hoots 

Tops 

640 

463 

512 ^ 

294 

600 

341 

566 

123 

558 

37S 

527 

* 412 

544 

33S 

534 

422 

578 

421 

567 

413 

539 

424 

460 

342 

671 

J16 

578 

417 

520 

392 ; 

539 i 

'• 454 

. 528 

J66' 

603 

333 

497 

332 

609 

507 1 

: 547 j 

■ 4J7 

; 470 

307 

5('.0 

111 

563 

440 

540 

471 \ 

; 2792 ' 

■■ 2212 

: 2514 , 

1667 ^ 

2988 

230S [ 

27^ 

2033 

2794 

2161 


Summary of Kesnlts. 

Average Yield per Acre. S M K C 0 



Roots— pounds '33384 33528 33956 33304 30168 33388 646.44 

fops -pounds 24(u() J5922 27(i9(t I999J 24960 946.S 

Hoots- tons 14.90 14 94 ■ 16 0.5 : 14.9(3 13.47 14.86 .3886 

Tops-tons tio lJ.5,s \ J2 Mi II.S:'} S.9J H.U 0.42 

Hoots- - per cent 100.39 100.7: 107.71 100.65 90.63 100 0 ' 1.943 

Tops— percent 9S.70 UlyS.i I W.96 106.36 SO. 10 UK). 0 3.79.i 


Significant response only to the Totasli Manure Salts. 



Rows 
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NITROGENOUS TOP DRESSING ON ROOTS, 

Sugar Beet Experiment. Rothamsted, 1926. 

W.N.W. 

Columns 


I 

11 

III 

IV 

1 

12N ' 

9iV 

GN 

2N 

SvsThM OF Replication -I^atin Square, 4x4. 

9N ; 

I 12N 

i 

2N 

Plots tls acre. 

6N : 

■ 2iV 

: UN 

2 c\s t., Sulphate of Ammonia ij cwt. (--2N). 

; Nil rate of Soda 4 cwt. {6N), 7 cwt. (9N9, and 

2s ; 

6N 

. 1 

\ 9N 

1 , , 10 cwt, applied as top dressiriji. 

j /2A 

- — 

— 

- 

Actual WeiiJhts in lb. 1 


12N 


9N ; 6N ; 2N : 


I 

Roots 
316.0 ' 

Tops j 
j9/.0 ! 

Roots 

284.5 1 

Tops 

/07.0 

Roots 1 

275.5 ' 

Tops 

403 

Roots j 

229.0 ■ 

Tops 

321.3 

II 

273.5 ; 

393.0 ! 

297.0 ' 

392.5 

231.0 i 

35.^ 

280.0 

369.5 

III 

267.0 i 

414.0 ' 

236.5 

JS2.0 

29S.0 1 

364 

277.5 : 

399.0 

IV 

255.0 1 

383.0 \ 

267.5 : 

422.5 

281,5 

442 

1 

308.5 

394.0 

Total 

1111.5 ^ 

138G.0 ’ 

1085.5 ' 

1601.0 ; 

10S6.0 : 

1562 

1095.0 i 

1481.0 


Summary of Results. 


Avera^ie Viel^l por Acre. 


Roots, pounds 
Tops, pounds 
Roots, tons 
, Tops, tons 
j Roots, per cent, 
i Tops, per cent. 



2N 


... UO2O2I39349 

... 57492\5^!45 

... 17.99 I 17.57 

... ! 2J./J7 ! 25M 
... ; 101 6 i 99 2 
... i W}.7 j 102.9 


39308 39694 39676! 6S5 
.16672 ,7,3795 .565//! 1163 
17.57 ^ 17.72 , 17.71 : 0.31 
25. 2S 24.02 ; 23.23 1 0 32 
99.2 : 101. 1 100.0 i 1.73 
100.2 93.2 '. 100.0 2,(H} 

\ i I 


No siunificani response in roots, ami scarcely in tops. 
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Sugar Beet. Woburn, 1926. 


S.E. 


3N 

2N 

N \ 0 \ 2N 

C j 

3N \ N \ C 

[ System of Replication Latin square. 

^ 3N-Sult>liafeorAmDi. + Double N7S| 

N 

2N \ C \ 0 

2N- „ + Single N/S I + Basal. 

] .. noN/'S ) 

0 

C \ 2N \ 3N 

1 ^ C-Basal only (Super. + S/K) 

' - _ - 0“ No manure. 

C 

1 0 3N ] N 

1 2N : 


Actual Weight in lb, 


3N I N : C i 0 


Roots 

Tops 

Roots 

■Jops 

Kools 

Tops 

Roots 

T ops 

Roots ( 

Tops 

624 

37S 

689 

634 

507 

430 

645 

371 

505 ; 

356 

581 

467 

641 

1 524 

613 

373 

557 

294 

516 i 

307 

647 

525 

539 

; 406 

605 

349 

559 

355 

485 ! 

395 

688 

535 

602 

j 3W 

755 

522 

788 

462 

483 ' 

331 

617 , 

454 

' 932 

j 632 

666 

■ 355 

^ 481 : 

4SS 

^ 526 ; 

467 

; 3157 

2550 

I o 

^ 2576 

3146 

25)29 

i 3030 

\ 1970 

2515 

1656 


Summary of Results. 


.Average Yield per Acre. 

3N 

2N 

N 

C 0 

b E 
- !< 


Roots, pounds 

37884 

40836 

37752 

36360 301 SO 

36602 

2390 

Tops, pounds 

I ; 

30912 : 

2434S 

; 23640 ■, 22272 

26304 ] 

176 

Roots, tons 

1 16,9 : 

1 18,2 ■ 

\ 16.9 

. 16.2 ■ 13.5 

16.3 i 

\ 1.1 

Tops, tons 

1 13 7 ; 

! 13 J 

1 10.S 

W.5 ' 9 9 

i 11.7 \ 

i O.S 

Roots, per cent 

. 103.5 , 

\ 111.6 

\ 103.1 

99.3 ; 82.5 

! 100.0 ! 

! 6.5 

Tops, per cent. 

116 7 

j 117.5 

j .92.6 

5\9.9 j SI. 9 

; 100.0 

6.7 


I 
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Mangolds (Red Intermediate). West Barnfield, 1925. 



N.E. 







c 

D 

. E ; 






H 

E 

I 1 

I 






B 



System of 

Rh PLICATION ; - 


A 

G 


Randomiied blocks in dupl icate. 


1 

E 

C ' 


Plots acre. 







Basal Manure : Super. 

3 cwt. per acre. 

G 

A 

B 

^ II 


Kainit, 

4 ,, 


F 

' H 

D 










lias.-!] 

- 





Basal 

Ba^al 

1 cwt, 

Itasal 

basal 

Basal li., 

’ Ba^al 

+ 

a- 

j S.‘.*inim. 

-t- 

t 




1 cwt. 

1 cwt. 

■f 

2 cwt, i 

Z cwt. 

3 cwt. 3 c 


: S'.Atnm. 

S,^finni 

1 cwt. 

S/.Ainm, 

S'.Ainm. 

S.'Aimn. S.V 



T 

OpiJl't'Ss 

'd S. AiiHii. 

1 opPrCsS'ti 

T'A) 





Tot' Dress'd: 

i 



B 


c ; 

D 

K 

F 1 

G 

B t 


Knots — Actual Weiglits in cwt. 


I 

15.04 

18'47 

■ 1384 

18 64 

. 13.60 

■ 19.81 

20.02 I 

13.60 

22.” 

II 

1 17.53 

i 18.65 

: 12.35 

17.46 

10.06 

153J2 

18.15 

1 14,76 

17.53 

Total 

32.57 

; 37.12 

26.10 

36.10 

^ 33 56 

35 73 

: 38.17 

: 28.36 

40.2 


Leaves- -Actual ^VeiglUs in lb. 


I 593.0 

II 618.5 

663.5 

680.0 

408.0 

436.5 

767 552 

0S4 705 

687.0 : 
610.5 

; Total 1211.5 

1352.5 

034.5 

14.51 1257 

1306.5 ; 




SUMMARY 


Average Yield per .Acre. 


H 

c I) K 

i- <1 

; Roots, tons 

1 Tops, tons 

j Roots, per cent, ... 
j Tops, per cent. ... 

... ^ 16.28 
... .5.40H 
... io4.o 
... j.O/T 

18.36 
6,0.i,S 
108,3 
10r,.f ; 

13.00 : 1S.05 : 16.78 
I.I72 i6.17<V 5M12 
76.4 I 105.3 107.0 
72.6 i//2.7j97.7 

1 17.87 i 10,08 

i 104.3 1 111.3 
i /0/.5 //2.7 


784.5 506.0 S-'t 

666,0 ^ 5J6,5 

H50.5 1D4J.5 bvj 


J6 ' 17,14 
. 100 . 0 . 
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TOP DRESSING ON CEREALS. 


Oats (Grey Winter). Long Hoos Field, 1925. 


SysTEM OF Replication : 
Four randomised blocks with 
additional plots F or G, 

Plots, acre. 


N. 

I III n IV 


A 

C 

F 

1 

B ; 

E 


C 

A 

I) 


E 

G 

C 

A 

B 

1) i 

F 

K 

! A 

c 1 

B 

G 

i D 

E i 


Ba^al ^^annre was 
Super. 2 cwf, per acre. 

M'ArTim.. erjuivaicnt to 1 cwt. per 
acre S Aiiiiii. for single dressing. 

. 1 cwt. per acre for single 
dressing. 


Actual Weight in lb. 

Single S'Ainm, l.tonble S'Amm, 

Itasal I'.arly [.ate Barlv Late Early Early 
A B C D E__,_ E _ __ G_ 


Total Grain, 


I 

53.00 69.75 

73.00 

73.00 

S3. 75 

60,50: — 

11 

55,75 61.50 

67,00 

! (S.75 

75.75 

— ; 64 50 

in 

: 43 00 . 56,75 

68,7.5 

57.50 

63.50 

6S.75 — 

IV 

56.50 : 69.25 

61.00 

59.50 

6S 00 

~ 66.25 

Total 

;20S.25 357.25 

269.75 

27S.7.5 

291.00 129.25 130.75 



Total Straw, 



1 I ' 

i 65.5 94.0 

94 5 

101.0 

97.5 

88,5 i — 

i " 

! 70.5 : S7.0 

S3 0 

1110 

100 0 

~ 109,0 

I HI 

j 64.0 ; 85 5 

S2 5 

93,0 

93,0 

S9,5 ~ 

IV 

63.5 ; 90 0 

S4,5 

106.5 

96,5 

100,5 

'I otal 

‘263 5 356.5 

344 5 

411.5 

387,0 

178 0 209,5 


Average Yield ])er Acre. 


lindn. pouiuls 
Straw, pounds 
firain, bushels 
Straw, cwt. ... 

rain, per cent. 

: Straw, per cent. 

: Total Produce, pounds 


Summary, 


■ lt.iva! 

Single S-Atnm. 

li.uly I.a:e 

ti-iuble S'Aniin 

r.aily Late 

Single DoiiMe 
M .Amin M .Amir. 
Early Earlv 

General 

.Average 

Standard 

Error 

.. 2082 

2492,5 ,2t)97,5 

2787.5 

2<.no 

25 S5 

2615 

260S.*3 

116.7 

... ifu.; 


34 i3 

4t}3 

3s:9 

.3,16(4 

4! 90 

3534 

S5.6 

... 49,57 i 

59 35 : 64.23 

66.37 

69.29 

61.35 

62 26 

02.10 i 

' 2.778 

... ;2.rj.f 

31 : .»() 76 

36.7 i 

34 S3 

31 79 

37. if 

32.00 

i 0.764 

... i 7') s : 

98 6 

103.4 

106.9 

1116 

99,1 

100.3 

100 

'. 4.47 

... ! 7.1,5 

99.3 

.96./ 

ni.s 

lOSO 

.99,j 

If 6. 9 

fOO 

i 2.59 

... ; 4717 

6'057.5 j6J42.5 

6902.5 ! 

o 

o 

Vy8C5.0 

6193 

I 
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Oats (Grey Winter). Long Hoos Field. 
N 

X 

Y 

K 

L 


OA 

2ME 

2SL 

OB 

- 

2SL 

OA 

OB 

ISE 

JSE 

IME 

mi 

1SL 

2ME 

2ML 

IME 

IML 

OC 

2UL 

OD 

2SE 

OC 

ISL 

OD 

2SE 

2SE 

2ME 

OA 

IML 

OA 

2SE 

2SL 

2ML 

OB 

1SL 

ISE 

IME 

IML 

OB 

OC 

ISL 

2ML 

OC 

2SL 

OD 

2ME 

OD 

niE 

/S£ 

2SE 

2ML 

ISE 

2ME 

2SL 1 

1 

2SE 

2ME 

OA 

OA 

OB \ 

IML : 

OC 

IME \ 

2ML 

OB 

IML 

2SL 

\ IME 

OD 

1SL 

OC \ 

OD 

iSE 

ISL 

2UE \ 

\ IME \ 

2ML 

2SL 

ISE i 

OA 

OB 

ISL 

1SL 

OA \ 

OB 

niL 

fME \ 

2SE 

2ML 1 

! 1 

OC 

ISE 

OC 1 

2SE 

OD 

OD 

2ME 

1 2SL \ 

! ! 

IML 


Season 1926. 


Systfm or Replication 
replicates each A acre in ran- 
demised blocks of 12 plots. 

Q u A N T I T t E s.— Sulphate of 
Atnmotiia applied at th« rate 
of 1 cwt. and 2 cwts, per acre, 
Muriate of Ammonia (the equiv! 
alence of above in Nitrogen) 
applied at the rate of 94.5 lb, 
and 189 lb. per acre. 

Early dresainfi applied when 
50% of the plants are tillering. 
Late dressing applied when the 
shoot number reaches ita maxi- 
mum. 

0= No Top Dressing, 
E-L=Earlyor Late application. 
S'M = Sulphate or Muriate of 
Ammonia 

l-2=Single or Double dressing. 


Actual Weights in lb.. Total Grain. 




0,\ 

OB 

OC 

OD 

ISE 

' ISL 

IME 

IML 

2SE 

2SL 

2ME 

2 ML ■ 

Block 

X 

61.375 

65.5 

68.125 

72,125 

77.5 

:80.5 

65.375 

75.125 

83.0 

64.25 

68.75 

65.125 


W 

79.25 

83.5 

83.25 

84.875 

80.75 

93,125 

89.125 

86.625 

86.625 

79.625 

88.5 

82.625 


Y 

75.5 

74.873 

62.75 

86.125 

85.125 

67.75 

85.75 

85.625 

83.25 

87.125 

R2.S75 

74.25 


Z 

91.5 

86.25 

88.75 

82.5 

80.5 

88.873 

86.0 

89.25 

64.5 

88.75 

84.125 

‘)1.25 


K 

78.625 

79.0 

! 83.875 

: 77.75 ' 

; 88.25 

188.125’ 

1 86.5 i 

i 87.375 

82.0 

! 79.125 

; 83.S75' 

78.125 


J 1 

84.625! 

84.5 

87.875 

: 79.625 

76.875 

; 79.625' 

j76.5 

187,125 

82.875 

' 74.375 

78.25 ; 

bO.5 


L j 

: 68.875i 

79.5 , 

63.25 

! 83.75 i 

,69.0 

! 67.875 

! 79.375 

! 87,625 

82.125 

1 87.125 

: 81.875- 

93.12.' 


M 1 

i 

81.25 

80.5 

89.625 

: 84.75 i 

1 

90.75 

,80.75 

193.5 ! 

i 93.25 

1 

85.375 

|89.0 

i 83.S“5j 

93.37; 


Actual Weights in lb., Total Straw. 




OA 

OB 

OC 

OD 

ISE 

iSL 1 

IME 

IML 

2SK 

2SL 

2ME 

2ML 

Block 

X 

83,0 

96.0 

93.5 

98,5 

121,0 

133.3 i 

107.5 

106,0 

161 0 

100.0 

130 0 

101.5 


w 

122.0 

110.5 

121.5 

166.5 

160.5 

191.0 : 

165 0 

146.0 

185.0 

130.5 

1.39,0 

137.5 


Y 

102.0 

104 0 

99.0 

138 0 

130.5 

100.5 ' 

149 0 

132.5 

142 0 

129 5 

133 0 

103.5 


Z 

149.5 : 

144.0 : 

155.0 

: 139,5 

158.5 

15S.0 ’ 

190.5 : 

127.5 1 

161.5 

180,5 

: 1711.0 

165.3 


K 

IIO.O 

115.5 

133.5 

■ 113.0 

. 127-5 

1 140.0 , 

150 0 ; 

, 119 0 1 

116.0 

, 117.0 

^ 181.0 

114.5 


J 

144.0 ' 

145-5 i 

121-5 

136 5 : 

165.5 

, 142.5 

147.0 1 

154 5 ! 

196 5 

129,0 

i 200.0 . 

lii.tt 


L 

100,5 1 

113.0 I 

90 5 

i 140,5 

108.0 ' 

100,0 , 

128.0 j 

141.5 ! 

175.5 

153.0 

13S0 

1350; 


M 

126,0 ; 

128.5 

: 157.0 

; 122 0 

' 147.5 

; 154.5 ' 

142,0 ! 

; 162.0 1 

181.5 

188.0 

: 192,5 

164.01 


Summary of Results. 






't' 









■ 

"y 


Average Yield 
per Acre 

g 

G 

jn 

Ic 


n'C 


i« 

h 

aS 

0 b 

w 

c 2 

0 a 


l\ 

z: 

tn 

Q 


i VlS 

ZZ 

VjJS 


i/I 4) 

oS 

mjS 


, X- 

Grain— per cent. ... 

97.5 1 

102,0 1 

100.3 : 

hr) 

' 1 39 

1 100.0 i 

101.2 j 

99.8 

104,0 1 

101.0 

100.3 

103.1 ' 

100.7 

: (A) 

: 1.972' 
: 1.52.i 

1$ i 
■ Ti.}! 

Grain— bushels 

’ 75.4 1 

78,0 ! 

77.7 : 

. l.OS 

77.3 j 

1 78.2 ^ 

i 11 1 

: HO. 4 ‘ 

78.0 

; 77,5 

79.7: 

77.9 

lt» 1 

4J.3 

Straw— per cent. , . 

89,3 

10L9 

IOH.7 ■ 

; 2.218 

110.3 

I n2.3 i 

nil 7 

97.1 i 

104,0 

; 118.6 

99 91 

98.9 

1 ,t.I57 

; 1.549 

Straw—ewt. 

44.1 

50.3 

53 . 7 ; 

j 1.095 

54,5 

i 55.4 ! 

: 50.2 

47.9 1 

51,3 

1 58.6 


4».H 


ia) Refers to means of 32 plots, e.g.. Single v. Double, or Sulphate v. Muriate. , 

(i) Refers to means of 16 plots, e.g., Early Sulphate v. Late Sulphate or Single Early v. Double 
In the grain in spile of a very small standard error, the Single dressing alone produced a sign'ftcani 
in yield, and this equally whether the dressings were of Sulphate or Muriate applied cither early or uie 
Double dressing produced no further significant increase. inuwliid* 

la the straw the Double dressing produced a significant increase, this being entirely due to those I'l , jjjji 
received the dressing early. The early dressed plots yielded sigiiiricantly more than those where ini' 
was applied late. 
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Wheat. Great Harpenden Field, 1926. 

N.E. 


OA 

IME 

tML 

2SE 

OA 

7 ME 

OB 

7SL 

ISE 

2i\JE 

OB 

2SL 

2SE 

OC 

ISE 

2ML 

oc 

2ML 

OD 

1SL 

OD 

2SL 

2ME 

IML 

OA 

1 /SL 

2ME 

: 7 ME 

2SL \ 

0.4 

: IML 

JSL 

IML 

1 OB 

OC 

7SE 

2ME 1 

2SE 

OB 

2ML 

2Si 

2SE 

OD 

. 2ML 

7 ME ' 

\ ISE 

; OC 

: OD 


B 

D 


SvsTEM OF Replication Four Ran- 
domised bloclts. 

Plots ^ acre. 

Sulphate of Ammonia at the rate of I 
and 2 cwt. per acre. Muriate of Am- 
tnoiiia the equivalence of 1 and 2 cwt. of 
Sulphate of Ainmonia, at the rate of 93 
lb. and la4 lb. per acre. 

0=No top dressing. 

E-L = Early or Late application. 

S-M = Sulphate or Muriate of Anini. 

I'3=Sing]e or Double Dressing. 


Total Grain — Actual Weights in lb. 


Block 

! O.A 

OB 

OC 

OD 

: ISK 

ISL 

IME 

l.ML 

2SE 

2SL 

2ME 

2ML 

A 

51.75 

47.5 

48 25 

44.062J 

34.0 

53-125 

59.375 

36.875 

58.5 

56.5 

57.25 

54.875 

B 

' 55.375 

56.25 

53 0 

56.125 

59.75 

57.7.5 

65.75 

60.0 

61.375 

59.5 

60.25 

54.75 

c 

; 35. '25 

28.875 

30.5 

25.25 

30.0 

38.625 

49.5 

33.125 

29.125 

30,125 

56,0 

29.875 

D 

i 39.25 

34.0 

21.375 

20.875 

'23.0 

43.5 

37,5 

56.375 

35.625 

46.25 

48.5 

37.5 





Total Straw— 

Actual 

Weights in lb. 





Block 


1 OB 

”“bc~ 

OD 

'■ ISE 

“ Tsl “ 

iME 

IMI. 

2SE i 

2SL i 

2ME 

2ML 

A 

■ 112.0! 

' 122.0 

116.0 

132,5 

129.0 

129.0 

123,5 

130.0 

143,0 : 

133.0 ^ 

143.0 

: 122,5 

B 

i 129.5 i 

133.0 

133,5 

136.5 

144.0 

142.5 

153.5 

138.0 

13S.5 : 

155.5 ; 

156.5 

■ 140.5 

c 

i 100.5 1 

' 91,5 

111,5 

87.5 

115.5 

101,0 

135.5 

94.5 

100.0 : 

103.5 ' 

129.5 

' 105.5 

D 

; 136.0 i 

i 120.0 

96.0 

92.0 

101.0 

130,5 

107.0 

139.5 

135,5 ; 

131.0 i 

134.5 

114.5 


Summary of Results. 


Average, Yield 


— 3 

L; 

J 


.C 

..■2 i 




3 „ 

1 ^ 0 


per acre 

, ^ 

E c 









3 Z 


« 


i 

X o, 







-- 

i/: J 

-- 

1 ma 1 

s 

Grain, per cent. ... ' 

i 88.9 I 

' lOL" ■ 106.5 

((f> 

351 

I 91,0 

119.3 

' 106,9 

! 105.3 

i 9.8.6 

111.7 

110.8 I 

, 101.4 

(b> ’ 
4.% I 

100,0 j 

Grain, bushels ... [ 

? 27.0 ] 

i 31.8: 3J..I 

1 Ot-o 

■ 27.7 

36. J 

3.1,5 

' .33.0 

i 30 0 

33.9 

33.6: 

^ 30.8 

1.503 i 

1 30.4 ^ 

Straw, per cent. ... ) 
Straw, cwt i 

! 9J.3 

I 101.5 ; 105. .1 

2.61 

■ 101.5 

109.3 

: 103-4 

99.3 

1 101,? ; 

108.9 

101.3 

^ 101.4 

3.691 : 

i 100 0 : 

I 41,3 

45,0; 46.6 

1.16 ■ 

; 45.0 

48,4 

■ 45.8 

44.0 

I 45.1 : 

: 48.3 

44.9 

I 44.9 

1.640 : 

! 

. i 


1 i 











1 


(a) Refers to means of 16 plots, 

(b) .. .. 8 „ 


Muriate beats sulphate, an effect enlirely due to the early dressings ; as regards quantity, double early 
and sing|<. returns in grain. 
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MALTING BARLEY. 

(jreat Knott Field, 1925. 

N.W. 


D 

K 


G 

il 

R 

C 

A 

B 

C 

1 ! 

A 1 // 

R 

H 

\ /> 

G 

K 

F 



Control 

l cwt. 

-f 

16S11). 

s;pot. 

+ 

3 cwt. 
Super. 

1 cwt. 
S/.\nnii. 
+ 

3 cwt. 
Super. 

1 cwl. 
S.'.Xnim. 

■f 

Ife lb. 
S/Pot. 

168 lb. 
S/Pot, 

+ 

3 cwt. 
Super. 

1 cwt. 
S/.\min. 

91 lb. 
M/Amm, 

4- 

168 lb. 
S/Pot, 

4" 

3 cwt. 
Super. 

155 lb. 
M/Pot. 

1 cwt. 
S/Amm. 
+ 

3 cwt. 
__ Super. 

1 S.Al; 

■ 

S,Pf 

, 3 01 





Total Grain, 





A ! 

E ! 

C 

I D 

K 

F 

G 

H 

i 'k“ 

1 

23.5 : 

23.0 

28.0 

31 0 

29.75 

43.75 

36.0 

36.5 

43.23 

II 

32.0 j 

41.5 i 

36.25 

25.25 

22,25 

i 

36.75 

, 35,0 

29.35 

Total 

55.5 

64.5 

04.25 

56.25 

52.00 

7S.50 

72.75 ; 

71,5 

T2,5i3 





Total Straw. 





1 

A 1 

M. i . 

c 

1 

F. 

! Z. A 

1 G 

r 

1.JL 

I 

27.5 i 

36 5 ■ 

33.5 

; 39 5 

32.5 

51.5 

^ 43.5 1 

39,0 

31.5 

11 

39.0 i 

56.0 ; 

41 5 

^ 25.0 

26.5 

38.0 

: 41.0 I 

40.5 

375 

Total 

i 66.5 

92 5 

75 0 

64.5 

59.0 

: 89. 5 

! 84,5 ; 

I 70,5 







Summary. 







1 cwt." 





' 91 Ti).”’ 

155 lb. : Jewt. 




S .AtMii. 

1 cut, 

1 cut. 

168 lb. 


M /.A in III. 

M Pot. S'.Auim 


Average Yield per .Acre. 

Con trill 

16^4 !i), 

S. Pot, 

.''•.Amin. 

.1 cut. 

^ .Ainm. 

Itp lb. 

S 

1 tut. 

1 cwt. 

S Amni 

IbSib. 

S put. 

1 cwt. Iti-slb. 
S.^Ainin.’ S pot. 

(k-licral 

.\viTa.sC 



i cwt. 

Super, 

S Put. 

Super, 


3 cwt, 

,1 cwt, 1 3 cwt, 




Super, 





Stiner, 

. SiuxT, ! Siii'cr 



Grain, pounds 

1388 

1613 

1606 

M06 

1300 

1963 

1819 

^ 1788 ; 1813 

1632.'! 

Straw, pounds 

/66.> 

J.U3 

IS7.-> 

ftilJ 

n7:> 

2J.)S 

’fl.i 

t9,SS J22'> 

191 }. I 

j Grain, tnishel.s 

26 (V.1 

31 02 

30. 8 'S 

27 04 

2,5 0(1 

37 75 

34 ,‘18 

34 38 ; 34 87 

31.397 

! Straw, cwt. ... 

/ / .AG 

20 (> ') 

/6.7.; 

n fo 

!.> J7 

J9.9S 

IS\S7 

I7.7r> - 10 S7 

17..>iill 

1 Grain, prr cent. 

85 0 

. 98.8 

98.4 , 

. 86.1 

79. s 

120 

111.4 

10^65 111 

100 

i Straw, per cent 

HJ.A 

ns. 9 

96,/ 

S2.9 

7,T V 

n.).! 

iOSM 

; 102 > : in i 

1<U) 

1 Total Produce, pounds 

: 3051 ; 

3926 

3181 . 

3019 . 

2775 

4201 

3932 

3776 ; 4038 

3577 ■ 


Sland.tnl Frror not of certain val 

.lity.biit the bes 

available estimate, 
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New Zealand Field, 1926 . 

1 N 11 



System of Rkplication 
Randomised Blocks. 

Area ^ each plot. 


Actual Weights in lb. 


; j 

A 

H 

C 

' ^ 1 

E 

F 

G i 

H \ 


Super. 





Super. 

Super. 


BhcW ' 

+ ! 

Suj>er. 


Super, . 


-!■ 

4- ' 

\ 

\ Control 


•f 



S .Aiinn. 

S.'Pot. 

S.'Pot. 


! + 

Sj'Amm. ' 

s;rot. 

S.O^ot. 


-r 

+ 



I S/Pat. ■ 

■ 




M. Anjni. 

M 

' 





Total Grain. 



! 

I 

i 101, «5 ; 

93-375 

94,75 

: 111.625 

101.25 

103.625 

91.625 

^ 103.00 : 

II 

92.025 ; 

94,75 

89,625 

92.25 

; 74.5 

89.5 

97.625 

67.375 ; 

III 

95.125 ' 

97 875 

106,375 

111,25 

90.25 

105 625 

96.5 

109.00 i 

IV 

76,025 

90.2.5 

79,375 

; 83,75 

8S.125 

9S.0 

93.625 

: 78,25 1 

Total 

; 369.000 ; 

376.25 

370.125 

i9S.675 

354.125 

396 75 

3S1.375 

■ 357.625 j 





Total Straw, 



1 

I 

1 

( 182,5 ! 

189,5 

^ 1800 

182.0 

l 185.5 

192,5 

VB.O 

169.0 i 

U 

'■ 161.5 ; 

168.5 

162.0 

159 5 

150.0 

162 5 

169.5 

12S.5 1 

III 

179 0 ■ 

199.0 

208.5 

178.5 

173,5 

191.5 

1S7 0 

171.0 i 

[V 

M4.5 ; 

167 0 

156.5 

147.5 

167,5 

169 5 

178.0 

158-0 j 

Total 

667.5 

724,0 

707 0 

667.5 

676 5 

716 0 

727.5 

626.5 1 


Sununary of Results, 



Super, 

Sui'rT. 

S .\imn 

Super. 


SujH 1 , 

SutHT. 


General Stand'll 

Averaet Yield por Acre. 

.S'. Amin. 

S A IP in. 

8 I’oi. : 

S Pot. 

Control 

Mean 

Lrror 




S 5\it 

S IVt. 







— ..... 

i S l’*w 





8 Amin 

M I'nt. 



— 

Jtain, pounds 

... 2306 

2.T52 

231.i 

2493 

2213 

2480 i 

2384 

2235 

2346.7 

105.2: 

straw, pounds 

... i 3/72 

/.LG 

77/.'/ 

7/72 

7228 

7/75 

7,7/7 

.to 16 


t0S,7j 

Jrain, bushels 

... 44 35 

4.5 22 

44 4<'> 

■ 47.94 

42.56 

4 7 69 i 

45 84 

42,98 

4.5.13 

2.02 

Straw, cwt 

... .)'7.2.> 

76 to 

.i'/ /./ 

: .>7,2.T 

J7,r.) 

,j9 96 j 

iO.OO 

M 96 

: .18.75 

0.97 

>>rain. per cent. 

... ; 98.27 

100.20 

‘/8 57 

106.22 

94,30 

10.4.tO 

1 01. 5: 

m.5 24 

100 

\ 4.48 

straw, per cent. 

... ,W .S7 

/(/.T.o; 

t02.b0 

; ,'/6.<V“ 

98. tS 

tO.yOf 

}or>..y> 

9(),.92 

: too 

1 2.52 

Iota) Produce, pounds 

... 1 617<S 

6877 

6732 

66t>.5 

6441 

(>‘655 

(>930 

, 6151 

,6653.4 
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Long Hoos. Winter Oats. Season 1926. 
COMPARISON OF NITROGENOUS MANURES, 

W.S.W. 


Block Block Block 

1 2 3 



System of Replication Randomised Blocks. 

Plots ^ acre ; dressings equivalent to 1 cwt. of Sulphate of Ammonia, 


Actual Total Weights in lb. 


j Block 

S/Amm. caic of 

1 cwt. per acre 

A 

Kiiui valent 
Miiriaic of .Aniin. 

n 

I'kliiivalcnt Urea 

c 

No Nitrogenous 
l>ressinfi 

!) 


Grain 

Str.uv 

Grain 

! Straw 

Gr.iin 

I Straw 

Grain i Straw 

1 I 

67.375 

I0:k5 

80.00 

: //6,5 

82.75 

J2iK5 

1 61.875 1 l(‘7.0 

1 11 

77.625 

102.0 

81.375 

i 

86.75 

r3i.o 

71.375 i iG.5 


72,25 

II 1.5 

71.375 

i t07.r> 

67.0 

100.5 

50.25 i .si .0 

j Total i 

: 217.25 1 

320.0 

232.75 

i 312.5 

2.36.5 

i 361.0 

i 192.5 ' 2S/k5 




Summary, 





Average Y'iekl per Acre, 

S/A[iini. 

1 M/Amm. 1 

Urea 

Contrnt 

Mean 

s. !■;. 

Grain, pounds 

2897 

3103 , 

3153 

2567 

2930 

11^039 

Straw, pounds 

m7 

4.567 [ 

4H53 

3320 

4407 

1I.>2SJ 

Grain, bushels 

OH 97 

: 73.89 1 

75.08 ; 

: r,i .n 

\ 69.76 

/.oil 

Straw, cwt 

39.17 

: 40. 77 1 

13 32 

31. n \ 

, 3935 

Grain, per cent 1 

: 98.86 

: 10.5.92 

107 62 . 

87,60 1 

! 100.00 

l('Si 

■ 

Straw, percent. 

! 99.55 

J03.63 

IW.fl 

; an.oo \ 

100.00 

Total produce, pounds 

1 7284 

7670 

! 

8005 i 

1 

6387 1 

i 1 

1 7357 
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SEASONAL EFFECT OF PHOSPHATE AND NITROGEN. 

Barley. Sawyer’s Field, 1925. 


s.w. 



A 

B 

B i A i C 


D 

c 

Area of Plots 







5 V acre, 

C 

i 

D i C ' A 1 

■ P 

B 

1 

! ^ 


I II III IV 


Total Weights in lb. 


Block ' 

I cwt. i 

Mur/ Potash 
+ 

1 cwt, 
S/Amin. 

1 cwt 

Mur/Potash 

1 cwt. 
S/Amm. 

4 cwt. 
Super. 

! 

I cwt, 

Mur/Potash 

1 cwt. 

Mur/ Potash 
; + 

4 cwt. 
i Super. 


■ A 

B 

C 


D 


Grain Stiaw 

; Grain : Straw 

Grain ; 

Straw 

Hraui Str.iw 

' i 


125.25 141 

98.0 

117.5 

110.25 109.0 

II 

112.0 . 129 5 

iJi.o ■ 

: 102.75 

lOS.O 

104.50 WS.5 

i HI 

122.75 123.0 

U6.25 129 

97.25 

9S.5 

99.25 lOR O \ 

: IV 

117.25 106.0 

117.75 125 

94.23 

101.5 

95.25 102.0 1 

i Total 

• ^70.25 Vi'y 5 

520.25 536 

393.25 

42S.5 

409.23 427.5 \ 



Summary of Results 





1 cwt. 

l cwt. 

Ntur/ Potash 
+ 


1 cwt. ' 

; 



Mur/Pou 

b 1 cwt. 

] cwt. 

Mur/ Potash 

General ; 

Standard 

Avera*;e Yield per Acre. 

■+ 

I cut. 
S/Aiiiiii 

A 

: S.'Amm, 

4 cwl. 
Super. 

W 

Mur/Potash 

C 

4 cwt. 
Super. 

D 

Mean 

Error* 

Orain, pounds 

2396 

2601 

1966 

2046 

2252 

52.2 

Slrau', pounds 

244S 

26S0 

2143 

213S , 

2352 , 

52.4 

, firain, bushels 

46.08 

50,02 

37.81 

39.35 ^ 

43.32 

1.0 

I Straw, cwt. 

2KS6 

2J.9J 

19.13 

19.09 

21.0 

0.5 

1 Grain, per cent 

106,4 

115.5 

87,3 

90.8 

100.0 

2.3 

1 .Straw, per cent 

101.1 

JN.O 

91.1 

^ 90.9 

100.0 

2.2 

j Tola) produce, pounds ... 

j 4844 

5281 

: 4109 

4184 

4604,375 



* The Standard Error is not in this case of certain validity, but is the best available estimate. 
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GREEN MANURING, 

Oats (Grey Winter). Long Hoos, 1925. 

Green Manures. 


N.N.E. 


Area of each plot 
5V acre 


A 

B 

C 

F D 1 E 

b 

a ) 






D 

E 

A 

B C F 

b 




! _ i... ... .i 

a. ] 






: c : 

F 

D i 

1 

E 1 A I B , 

1 

b 1 

i i 


! ' 


1 

i a 


III 


Actual Weight in lb. 


1 Blocks 

F.Y.M. 

A 

Nfiisiard 

1^ 

Trifoliiini , 

c ; 

drain. 

Oats 

1> 

Vetches 

K 

Cuiilrul 

F_ 

I 1 

a 

■ 55.0 

59.5 

51.5 1 

40 0 1 

615 1 

60.5 

^ ( 

b 

49.5 

: 62.0 ' 

1 50.0 1 

42.5 

59 0 ' 

i 55.0 

TT i 

a 

42.5 

1 46.0 

i 43.5 i 

33 0 

45.5 ! 

31 0 

i " 1 

b 

51 5 

; 54 0 

50.0 j 

31 0 1 

56 0 

59 0 


a 

47.5 

45 5 

47,. i ! 

.18.5 

37 0 

51 0 


b 

49,5 

54.5 

48.5 I 

32 0 

39 0 

51 5 

i Total 


295.5 

321,5 

.;9i 0 

217.0 

3180 

: 328.0 



a 

b 

ml 

a 

b 


Total 


111 5 

104,0 

109.5 

87.5 ■ 

109.5 

114.0 

89.5 

75,0 

81 0 

84 .5 

86.0 

59.5 i 

! 80.0 

90 5 

86.5 

. 61.0 

: 79.0 

1 : 

80.0 

! 67 5 ■ 

86.0 

1 88. 5 

84.5 

1 60.5 i 

553 0 

.561.0 

536,0 

411.0 


104 5 

108.0 
O'J.O 
93.0 
97 0 
110 5 

012.0 


Ul 5 

89.0 
lUl.O 
104.5 

51.0 
Sfj.O 

57J.0 


Summary. 


Average Yiekl per Acre. 

i6Y,M 

= 


Oats 

\ l> 1( lies 

Control 

Grain, povinds 

2463.5 

2679.2 

2425 

180S,3 

3650 

2733.3 

Strav, pounds 

J60S 

767,7 

7767 

5 /2,r 

5100 

777.) 

i Grain, bushels 

58,63 

63.79 1 

57.74 

; 43.05 

63 10 

i 65.08 

j Straw, cwt 

n ft 

: 4/77 1 

J!) S<S 

jO.jS ' 

7,;„;7 

72 (U 1 

j Grain, per cent 

100 1 

1 108,9 ’ 

98,6 

73 5 

107.7 

111.1 1 

j Straw, per cent 

}02 2 

t(>.l7 

: 

767; 

tut 

105 V j 

Total produce, pounds 

! 7071 

7354 

1 0892 

5233 

7750 ^ 

7508 


I 


■s.~ 


2459.7. s’.l 
/.)■ 

5S..V. ' 
■fOli 
100 
t(Hl 
6908 


f.m 
3 3^ 


The StancUrd lirror is isot lu this case of ccriniti validity, but is tlur bi'si av.iil.ibk e^tini.iti'. 
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CULTIVATION EXPERIMENT. 

Sawyer’s Field. Swedes, 1926. 


S.W. KOOTS 




SI 

FI 

N1 

SZ 

F2 

N2 

S3 

F3 

N3 


I 

! 


Svsrr.^f Of REfLiCATiox .-—Triplicate 
strip?. Mots 4 acre, 

S— i>repare(l by Si mar rolotiller. 
r— usual implement s. flat seed bed, 
N— usual implements, sotvn on ridges. 


Nock. -Kac:li strip was lifted in five euual portions and 
the weight of e.'ich '•trip was separately recorded. 


Actual Weight of Roots in lb. No, of Roots. 



S 

F 

N 

Total 

S 

F 

N 

Total 

1 

5531 

6858 

6475 

18S64 

3720 

3572 

2S77 

10169 

2 

5347 

606^ 

7200 

18615 

4037 

2962 

2501 

9500 

3 

4909 

5634 

6160 

16703 

4081 

3334 

2642 

10057 

i Total 

15787 

18560 

19835 

54182 

11838 

9868 

8020 

29726 


Sumninry 


Averagi^ ^'ielil [ler .\cre, 


S I- 


Mean S.E, 


Number of I^oots 
Number per cent. 
Weight in pounds 
Weight m tons 
Weight per cent. ... 


... I.57S1 13157 10693 13212 S2.6919i 

II 9, -17 99,59 80.93 100 6.2200 

... 21019 24747; 26447 240S1 902.7803- 

... - 9,40 11.05 11.81 10.7.5' 0.4030; 

... : 87.41 102.76 109.83 lOO 3,7500' 


riots cullivatod with the Siinar iinj'lement show signitir.amly iivoro roots, hit a hworyioM 
tliim the ridged liuid ; flat ciilliv.ition is iiitennediate in both re^picts with yield not .sipinhcantiv 
less than the ridge cultiv.it ion. 
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UNIFORMITY TRIAL 

Wheat (Red Standard). Sawyer’s Field, 1925. 


Area of each plot 
.098 acre 


S.W. 



Actual Weight in lb. 


Plot 

A 

lb. 

B 

lb 

c 

lb. 

D 

)b. 

E 

lb. 

F 

lb. 

G 

lb. 

H 

lb. 

Toi 

lb 





Total Grain. 





6 


229.00 

202,625 

197,375 

170,875 

1S7.250 

202,250 

162.50 

13.11. 

5 

196.375 

191.50 

172 500 

147.125 

75.250 

141.250 

150.750 

131 50 

n%. 

4 

198.750 

184.25 

206.375 

133 250 

72 125 

73.250 

82 000 

89.00 

103'}. 

3 

191,500 

196 50 

166.375 

168.625 

1 17 375 

113.750 

88.375 

134 50 

ii;:. 

2 

1 32. 500 

142.50 

155.875 

86.750 

103.625 

140,750 

161.250 

164,75 

It'S} 

1 

195.500* 

165,50 

124,000 

72.000 

103.500 

171.000 

185,250 

197.00 

lOlS. 

1 Total 

i 719.125 

1 1109,250 j 

1027.750 

S05.125 

642.750 

1 827.250 

^ 869.875 

1 879 25 

r>sso 

1 

! 




Total Straw. 





6 

1 ’ 

1 282.5 ■ 

247.0 

252.0 

213.0 

! 229.5 

247.0 

200.00 


5 

I 253.0 

I 230.5 : 

215.0 

200.0 

104.5 

192.0 

193.0 

174 00 

15(2 

4 

, 252.0 ^ 

f 229.5 : 

263.5 

180.0 

98.0 

99.5 

114.5 

124.00 

m 

3 

1 248.0 

! 245.0 

211.5 

219.0 

146.5 

1510 

114.5 

ISO 50 

151" 

2 

i 170.5 

i 184,5 : 

200.5 

126,5 

138 5 

1920 

229.5 

221.. 50 

m 

; ^ 

205.5* ; 

; 219.0 ; 

171.0 : 

IIO.O 

136.0 

224.0 

253.5 ; 

253.00 

IJoo. 

Total ; 

923,5 

; 1391.0 1 

1308,5 I 

1087,5 

836.5 

1 1088.0 

1 1152.0 

i 1153 00 

b9'l0. 


* One of the weiyliings of Plot A I was not recorded. 


Summary. 


Grain. j Straw. 



lb. 

! bu.shels. 

ib. 


Average yield per acre 

i 1526 

j 25.4 

1983 


Standard deviation 

i 65.2 

i 1.09 

77.0 


Standard deviation per cent. ... 

Ii 

ii 

4.2 

3.9 


cwt. 


17.7 

0.69 
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Sawyers Field. 

Uniformity Experiment, 1926. Swedes. 


Plot 

A 

B 1 

C 

D 

E 1 

F 

! 1 

; G 1 

H ! 



613.5; 

601.5 : 

816.5 

899.0 

882.0 

' 890.0 ^ 

' 782,5 I 

6 


3608 1 

3936 

4372 

4488 

4464 

i 4436 1 

[ 4120 : 


i “ 

1716 1 

1689 

1686 1 

1665 

1737 

1 1674 

1 i 


; &00.0 ^ 

' 604.5 1 

632.5 ^ 

634.5 i 

i 841.0 

691.0 

' 665.0 

: 978.3 ; 

5 ; 

i 4080 \ 

, 4228 \ 

4452 ^ 

4566 

■ 4594 

4443 

; 4504 

: 4624 i 


15S9 

\ 1559 

1 1655 

; 1667 

> 1678 ! 

1694 

1 1708 

1 1540 

i 

1 600.5 

590 5 

1 575 5 

, 568.0 

606.5 : 

794.5 

1 741.0 

: 762.5 

4 i 

i me 

3988 

: 4188 

4296 

i 4327 

4420 

: 4402 

4435 . 


: ^507 

IS93 

: 1554 

1528 

1530 

1596 

1480 

1499 : 

1 

6U,5 

639.5 

! 7IS 0 

707.0 

676 0 

614.5 

, 654.5 

730.5 : 


!i 4056 

4046 

: 3996 

4106 

: 4292 

: 4108 

: 3950 

4128 

1 

\ 1506 

1448 

\ 1502 

1448 

1474 

1542 

' 1497 

1484 

1 

ii 791.5 

741.5 

i6S3.0 

719.5 

: 758,0 

641.5 

■ 594.5 

613.5 

1 2 

i: 4224 

4164 

: 4228 

4284 

: 4276 

4004 

: 3956 

4019 

1 _ 

ii 1497 

1 1416 

1 1519 

1482 

; 1452 

1438 

\ 1410 

1362 

i 

478.0 

j 522 5 

; .568.0 

586.0 

i 512,0 

497.0 

541.0 

i 509.5 ■ 

j 1 

3811 

4172 

i 4019 

4279 

; 3547 

’ 3231 

! 4143 

: 3801 

1 

1360 

1 1362 

\ 1394 

1379 

i 1387 

1355 

, 1474 

J 

1554 


Figures in ordinary type=^ Actual Weight cf Leaves iti lb. 
italics — Roots ,, 

,, heavy type ~ No. of Roots. 

SUMMAKV. 



! Hoots 

Leaves 

Roots ; 


lb. 1 tons 

ll.>. 1 tons 

No. 1 

Average Yiclil per acre 

416751 18^6 

6700 "P 3,0 


Standard Deviation 

■ 2793 1 1.2 

1100 [ 0.4 

1179 

Standard Deviation per cent. 

6J 

16.4 

: 7,7 
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